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FOREI{ORD

This report is one of a series intended to inventory the ground
water resourees of each county in the commonwealth. The purpose is
to provlde all ground water users, including private cltizens, devel-
opers, investors, government officiaLs,
professionals and consultants, with an overview of the ground water
situation as it presently exists throughout Virginia.

It is our intent that prospective ground water users and others
interested in the development and protectlon of ground water will
gain insight into the opportunities and advantages inherent in this
invaluable natural resource.

The State llater Control Board remains available for lnformation,
assistance and governmental actlon.
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SELECTED CONVERSION FACTORS
ENGLTSH UNrTS TO INTERNATTONAL SySTm4 (METRTC UNITS)

This report uses a dual measurement system based on English units
and the International System (SI) of metric unite. SI is a consistent
system of units adopted in 1960 by the Eleventh General Conference of
Weights and Measures. Seleeted conversion factors are listed below:

Multiply Enelish Units

Acres

Feet (ft)

Gallons

Gallons per day (gpd)

Gallons per minute (gprn)

Inches

Miles

Million gallons per day
(MGD)

Sguare miles

E.

0.4047

0.3048

0. 003785

0.00378s

0. 06309

25 .4

1.609

3,785.0

2.590

To Obtain SI Units

heetares

metres (n)

cubic metres (r3)

cubic metres per day (n3/d)

litres per second (Us)

millimetres (uun)

kilometres (kn)

cubic metres per day (*3/a)

square kilometres (krn21



GROI'ND WATER RESOI]RCES OF HENRICO COT'NTY, VIRGINIA

BY

flaywood A. Wiggl-esworth, Tirnothy W. Perry,
Russell P. Ellison, III

ABSTRACT

Henrico County is centrally located along the Fa1l Zone in Virginia
and encompasses portions of both the Piednont and Coastal PLain Physio-
graphie Provinces. The geologic diversity between the provlnces, as well
as geologic differences within each, produees a conplex system for grormd
water recharge, storage and retrieval.

The Piedmont section of Henrico County is conposed primarily of
crystalline rocks which contain little \rater except in areas of fracturing
and faulting. The crystalline rocks are overlain by a thick zone of
weathered bedrock which serves as a shallow aquifer system for many 1ow
demand purposes.

The Coastal Plain section of Henrico County is conprised of an
eastward-thickening sequence of sedimentary deposits ranging in age
from the Cretaceous Period (i-35-65 MYBP) to the present. The major
aquifer in the Coastal Plain is the Patuxent Formation which rests
upon the erystall-ine bedrock. The Patuxent is eomprised prinarily of
coarse sand and gravel and is the best water producing unit in the
county. Above the Patuxent is a series of geol-ogic uni.ts which were
deposited during episodes of advance (transgression) and retreat
(regression) of the sea. These units are often unfavorable for high-
yield purposes due to a large clay content.

Ground water quality in Henrieo County is generally good although
l-ocalized problems do exist. Care shoul-d be taken in the construction
of water wells to properly seal off the aquifer from sourees of con-
tamination. Shallow, water table aqulfers are particularly susceptible
to contaminat.ion from surface sources sueh as fertilizet, lagoons, fuel
storage tanks and failing septic fields.

Well systems omed by Henrico County withdraw approximately 6.06
nj-llion liters (1.5 nillion gallons) of ground water per day at present.
with the addition of new we11s to the system, this figure is expected
to doubl-e w:i.thin the next f ive to ten years. Increased ground water
withdrawals from the Patuxent Formetior, "r. possible without seriously
depl-eting the aquifer; however, consideration should be given to the
needs of the eounti.es to the east which aLso tap the Patuxent Formation.





CHAPTER I

INTRODUCTION

Purpose and Scope of Report

ThJ-s report is designed to acquaint the public with the latest
i-nformation on the location, quality, quantity, and future use potential
of the ground r^rater resources of Henrico county and that part of the
City of Rlchmond whieh is north of the James River. It is intended to
be an aid to the private citizen, government agencies, developers,
county and city planners, well drilling contraetors, and all others
interested ln the location, development, utilization and protection of
the ground water of Henrico County and the City of Richmond.

Much basic information, as well as detailed scientific datal has
been combined in this report- in order that the layman, as well as the
professional, nay be assisted.

Geology and ground water do not recognize political boundaries.
Therefore, for sirnplicity, ttHenrico Countytt or ttcountytt. as used in this
report, includes the City of Richnond north of the James River.

Introduction

One of the original eight shires or counti"es formed in 1734, Henrieo
County has a history almost as long as that of the State itself. Settle-
ment in the county began as early as 1611 and the county has been the
scene of rnany important events in the Staters hist.ory. Originally
encompassing all or part of eleven present day counties, Henrieo County
has been decreased in size to approximately 637 square kilometers (245
square rniles). The portion of Richmond north of the James River covers
approximately 69 square kilometers (26 square miles), and was formerly
a part of Henrico County.

The county is located in east-central Virginia and is bounded on
the north by Eanover and New Kent Counties, on the east by Charles City
County, on the south by Chesterfield County and the James River, and on
the west by Goochland County. [Figure 1] The county is partly bounded
by the Chickahornlny River to the north-northeast and the James River
along its entire southern border. Much of the countyrs western boundary
is made up by Tuckahoe Creek. Turkey Island Creek comprises much of the
county line in the southeast.

In 1978 the U.S. Bureau of Census reported that I47,79L people
lived in the City of Richrnond north of the James River. The 1980 U.S.
Census figures place the population of Henrico County at 180,315 people.
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Method of Investigation and Data Assembly

The background information for Lhis report was acquired from prevlousregional, State, and county reports. l{uch of the census and economic clata
were collected from city and county offic.ials and other State agencies.

rnformation on the climate, soils, and ve-getation came from special-ized county and regi-onaL reports. Surface water (runoff and drainage)information was supplied by the state water control Board (SI^ICB).

The pertinent geologic and geohydrologic data were collected by the
Bureau of Water Control Management of the State Idater Control Board,
Piedmont Regional offlce. Rules and standards of the state water
Control Board have provided for such data collection by bequiring a hlaterhlell Completion Report (Forrn GI^I-2) to be submitted to the Board for each
newly constructed water well (Appendix 1). This water well completion
report provides a record of the location, owner, contractor, construction
data, screen locati-on, rnrater level , yield, pump data, and drillerrs 1og
for the well. Geophysical logs are not required, but are a great aid
in geohydrologic interpretation when provided. Each water well completion
report must be accompanied by well cuttings colleeted for each 10 feet of
depth drilled unless previous exemption is secured from the State Water
Contrcl Board. Sarnple bags for the cuttings are provided free by the
Bureau of l,{ater Control Management in Richmond. Also, all industrial
and public supply water well users are required to submit a Ground Water
Pumpage and use Report (Form Gw-6) ro rhe Board quarterly (Appendix 1).

To provide for better ground water data management and pollution
protection, the State Inlater Control Board requires that it be informed
of all wells which are to be abandoned temporarily or pernanently. When
an industrial or public water supply well is to be abandoned, the orrrner
must submit the form Application and Report of Abandonment of water
I^Ie1l (GI'I-5) prior to the initiation of the abandonment procedures
(Appendix 1). The Board requires this form to be filed ro certify that
punnping and use of ground water from that wel-l has stopped. It also
indtcates that all industrial and public supply wells ire sealed properly
to prevent ground r{tater contamination by other ground water of poorer
quality, surface waters, and other pollutants.

Ground water quality information is collected weekly by the Piedmont
Regional Office, Division of Surveillance and Field Studies. Five wells
in one of the twenty-two counties in the region are selected at random
and sampled each week. Most of these ground water quality samples come
from wells with completion reports on record at the Piedmont Regional
office. chernical analyses for twenty-eight ground !ilater quality para-
meters are performed by the State of Virginia Consolidated Laboratory.

Ground r^rater quality information also is acquired through che
Pollution Response Program (PRep). This program responds to citi-zenst
complaints of ground water and surface rdater pollution 7 days a webk,
24 hours a day. Toxic and hazatdous chemicals, oil, gasoline, refuse,



siltation' sewage and industrial wastes are some of thethat frequently endanger the quality of ground water,and
through the PReP Program.

pollutants
are reported

The central reposi.tory for all available waoer well and ground
water quality information for llenrico County is the Headquarters Officeof the State trIater Control Board in Richurond. Copies of these records
are on file at the Piedmont Regional office. The inforrnation also has
been recorded on computer and is made available to the interestedpublic.

Previous Investigations

Detailed geologic reconnaissance and mappi_ng has been recently
completed for most of Henrico county by the Virginia Divisi_on of
I'Iineral Resources (VDMR) i-n Charlottesville. Seven geologic quadrangle
maps have been published in Geology of the Bon Air Quadrangl.e, Virginia,
by Bruce K. Goodwin: VDMR p

gl9=Ylarotli?n aua a, by Bruce r. cooarain: volm. nr zg(I9lU); and i"
Pjpes Quaarangt@ Paul A- Daniels, Jr. and Ernil onuschak,
VDMR' RI 38 (L974). Much information has been compiled for the remain;lng
geologic quadrangles withi-n the county but has not yet been published.

Hydrogeologic information is extremely limited for the ent.ire county
and was inferred from both regional reports and SLate tr{ater Control Board
well data. Little hydrogeologic work.has been done l-n the piedmont
section of Henrico County. The Virginia Division of l,rlater Resources,
Gqou4dYater of Henrico Countv. Virginia [Preliminary Basic Data Bulletin
36P (L97L) I addresses rhe hydrogeology or both rhe piedmonr and rhe
Coastal Plain in the county. Coastal Plain hydrogeol-ogy has been further
explored by D. J. Cederstrom in Geology and Groundwater Resources of the
York-James Peninsula, Virgi_nia , L957, -ana Uy a
and v. P. Ner^rton, Groundruater of the Middle peninsula, virglnia, [state
Water Control Board Planning Bulletin 305 (L977)1. en excettent regional
study which proved useful is Brornm, p. M. et al , structural and Strati-
graphig Framework and Spatial oistribution o! perrneabiliiy of the Atlanric
coastal P1ain, North carolina to Neg york. u.s. Geological survey Froi
fessional Paper 796 (L972).

Water Well Numbering System

Each water well completion report acquired by the State Water Control
Board receives a special number. The first three digits refer to Ehe
particular county or ci-ty in which the well is located. The numbers
frorn 100 to 199 represent in alphabetical order, the counties in Virginia;
and the numbers frorn 200 to 237 represent cities and incorporated towns.
The remaining digits in the eompletion report number are for the partic-
ular well in the county, city or tor{rn. For example, well number 143-318
denotes the 318th recorded well in county 143 (Henrico).
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CHAPTER II

PHYSICAL SETTING

Physiography

Henrico county contains land in both the Piedmont and coastal
Plain Physiographlc Provinces of Virginia. The western portion of
the county lies in the Piednont Province. This province is generally
characterized by gently rolling hills which are underlain by igneous
and metamorphic rocks such as granite, gneiss and schist. The
Piedmont portion also contains the Triassic Basin Subprovince.
Although theories vary on the former extent and sequence of form-
ation of these basins, it is generally agreed that they take the
form of gently folded and faulted grabens and half grabens eontain-
ing conglomerate, shale, sandstone, and coal measures deposited in
shallow basins during the Triassic Period, 235 to 195 nillion years
before present (uvnr). The Richmond Triassic Basin outcrops at the
extreme western edge of Henrico county. Elevations above mean sea
l-evel (msl) in the Piedrnont portion of Henrico County range from about
30 r'.eters (100 feet) in drainageways near the Fa1l Zone to slightly
above 91 meters (300 feet) in the west-central part of the county. (Fig. 3)

The eastern portion of the county lies in the Coastal Plain
Province. Coastal Plain geology is characLerized by beds of uncon*
solidated sediments such as clay, sand and gravel that increase in
thickness as they gently dip to the east. To the rnrest these beds
generally thin and terminate at the Fal1 Zone. The nearly-flat
topography and unconsolidated sediments of the Coastal Plain have
caused the streams and rivers in the area to meander. Elevations
above mean sea level (msl) in this area range from 3 meters (10 feet)
in the easternmost drainager^rays to 45 meters (150 feet) near the
Piedmont rock outcrops at the Fall Zone. (Figure 3)

The Piedrnont and Coastal Plain Provinces are separated by the
Fall Zone, whieh extends in a north-south direction through the central
portion of the study area. The Fall Zone is the area along the eastern
margin cf the Piedmont where stream gradients steepen as the streams
pass from the resistant crystalline rocks of the Piedmont to the easily-
eroded unconsolidated sedirnents of the Coastal ?lain. East of the Fal1
Zone the eastward dipping crystalline basement rocks are overl-ain by
an lncreaslng thickness of Coastal Plain sediments. (Figure 4)

Land Use

For planning purposes, land use areas have been divided into
actl"ve and passive categories. Of the acti-ve eategories, it was estimated
In L974 that single fanily dwellings accounted for the great,est percentage
of acttvely us.ed land (L3.311 of the total land area)" Moreover, this
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category showed the highest rate of increase followed by the multi-family category. Thls fact, when coupled with figures predicting
continued population growth, indicates an increasin$ demand will beplaeed on ground water resources as additional water supplies are
needed to service new homes. rn 1974 the other "activeit uses rankedas follows: public, heavy industrial, seml-public, comrercial
service, multi-faurily residenti-al, light industrial, and office.of the 38'o42 hectares (94r000 acres) zoned for agricultural use,only about LO% was actually in use.

Passive land use includes that Lz7; of the county which can only
be developed for recreation and that 647. of the Land not considered
prime vacant. Development of the prime vacant land will place future
demands on r^rater supplies.

Surface Hydrology

Henrico county is located iin the James River Basin.t Drainage is
eastward toward the Chesapeake Bay, with the James and the Chickahoniny
Rivers draining the county in equal proportions. some of t.he major
streams in the county include: Upham Brook, North Run, Tuckahoe Creek,
whiteoak swamp creek, Four Mile creek, Deep Run, cornelius creek, Brook
Run and Rocky Branch.

Climate and Soils

The clirnate is temperate in Henrico county with cold, but not
severe, winters and moderaLely r^rarm sunmers. The usual range for
winter temperatures is from -2"c to 10"c (29.F to 50.F). The usual
range for summer temperatures is from lg"c to 31"c (65.F to g70F).
Precipitation averages 1.11 meters (44.2 inches) per year. Droughts
and flooding are fairly cormon in Henrico County, with the major
floods being caused by hurricane activity. Temperature and preci_pi-
tation data are given in Tabl_e 1.

The soils of Henrico CounLy have been described in a publication
entitled soil survey of Henri-co county, virginia (1975) by the united
StaLes Department of Agriculture Soil Conservation Service, i-n cooperi
ation with Virginia Polytechnic rnstitute and state university. The
soil survey identified one hundred eleven soil types in the county.
(Figure 5) Generally, soils are derived from weathering of the under-
lying parent material. Therefore, the soils overlying the crystalline
Piedmont rocks differ markedly from those found in the Coastal plain
portion of the county.
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CHAPTER III

GEOLOGY

Regional Geologic Setting

Henrlco County encompasses portions of both the Piedmont and the
Coastal Plain Physiographic Provinces. The Fa1l Zone marks the inter-
face between the outcrop area of the eroding crystalline rocks to
the west (Piedrnont) and the area where the crystalline rocks are over-
laln by relatively flat-lying marine and near-shore deposits to the
east (Coastal Plain).

These two provinces, as well as three other physiographic provinces
to the west (Blue Ridge, valley and Ridge, and Appalachian plateau)r are
Present along the eastern United States from New York to Alabama. The
present arrangement of the rocks in the Piedmont has been attributed to
a geologic event known as the Appalachian Orogenie Revolution (Silurian
to Permian Periods, 435 to 285 MyBp) (Table rr ). During this mountain
buildtng event the already metamorphosed sediments which had been depos-
ited in what is now the Piedrrcnt were further altered (Bobyarchick and
Glover, L979).

The Appalachian Orogenic Revolution may be expl-ained by the theory
of plate tectonics. Thls theory, based on seismic, geologic, geonagnetic,
paleontologic, heat flow and geographic data, proposes that continents
are composed of a relatively rigid material which floats upon a denser
but more fluid material at depth. Movement of this denser urore fluid
material through long periods of time has caused continental movement.
Oceans have been created by continents rnlgrating away from each other.
I.fountains have been formed bv continental collisions.

It has been proposed that at the beginning of the Paleozoic Era
(570 MYBP) the Atlantic Ocean began to open up as the North Ameriean Plate
and the European Plate migrated away from each other. During this period
sediments were deposited along the eastern margin of the North American
Plate. By the end of the Ordovlcian Period (435 I'{YBP) the Atlantic
began to close, a process which continued through the Devonian Period
(405 to 350 MYBP). The compressive forces generated when the North
Amerl-can and European Plates came together folded Lhe acctrmulated sediments
along the continental shelf and rise. This mountain building was accom-
panied by volcanism and magmatic intrusion (Press and 51svsr, L974).
The compressive forces continued during the Late Paleozoic Era while the
continents remalned together. It is thought that the Piedmont rocks to
the west of the area of this study reached their present state of meta-
morphism at that tirne (Bobyarchick and Glover, L979). These western
Piedmont rocks are believed to represent either the cores of mountains
long since eroded (Press and Siever, 1974) or the remnants of a "micro-
continent" which was thrust westward from a point in the Atlantic during
the Early Paleozoic Era (Harris and Bayer, L979).
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The rocks in the Piednont section of Henrico County are non thoughtto date from the Late paleozoic (Bobyarchick and Glover, rgTg). rt is
now believed that the continents began to drift apart in the Late paleo-
zoic or Early Mesozoic Era. As the compressive forces were released,the brittle rocks of the North Arnerican continent became cracked. .Duri-ng
Triassi-c and Jurassie time, block faulting regult.ed creating basinsthroughout rhe Easrern unlred srares (Bobyarchick and Glovei, LgTg).Material eroded from the Piedmont rocks has been deposited l-n the east
among the gently sloping sedi.mentary formations of the Coastal plain.

In view of the many differences between the geology of the piedmont
and Coastal Plain provinces and the d.irect effect these differences haveon ground rnrater quality and production, the provinees are discussed
separately in this report.

Piedmont Geology

The Piedmont section of Henrico County is made up of three distinct
rock units that rrrere formed during Early Paleozoic to Triassic time(Bobyarchick and Glover, L979). These rock units are the cataclastic
rocks, the Petersburg granite, and the Triassic rocks.

The extreme northwest corner of the county is underlain by cata-
clastic rocks. Cataclastic rocks are those whose structure shows the
effects of severe mechanical stress. Goodwin (1970) describes these
rocks as mostly gray-green, fine-grained, dense metarhyolites, gneisses
and phyllites. According to Goodwin .the cat;ielastics are distinguished
frorn adjacent rocks by their closely-spaced jointing. The age of these
rocks has not been determined. Goodwin believes them to be yorrr,g.r'
than the Precambrian gneisqes to the west. The cataclastics have been
intruded by diabase dikes which also have intruded Late Trlassic age
rocks to the east.

The Petersburg granite is the oldest unit and has been described
as a batholithie intrusion dating from the Late Paleozoic (Conley, 1978)
the period of tiure when the then linked North Anerican and European
continents began to separate. Three phases are present in the Petersburg
granite: a gray to pink medium-grained granite; a blue, relarivel_y
fine-grained granite, and a porphyritic granite.

Triassic age rocks are a consplcuous feature of the Piedrnont secti-on
of Virginia because they are found in the midst of older igneous and
metamorphic rocks. These rocks are found in what have become known as
Triassic basins (Figure 6 ). Palynological evidence has been interpreted
to affix a Late Triassi-c Eo Jurassic date for the formation and filling
of these basins.

Aecording to Goodwin (1970), there are differing theories concern-
ing the origin and previous exLent of the basins. while the initial
block faulting may be explained by a release in pressure (tensi-le stress)
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accompanying separation or splitting of the continents, later folding
of the Triassic-Jurassic sediments and movement along the border faults
has yet to be explained fully.

Four different types of rock have been identified in the Richmond
Triassic basin: shale, arkosic sandstone, eonglomerate, and coal measures
(Goodwin, 1970). Interbedded Triassic sandstones and shales are found
at the surface of the western nargl-n of the county. The beds of shale
appear gray to brownish-red when fresh, but when exposed to weathering
they become more reddish; thus they are called "red beds". These charac-
teristic "red beds" are found to the east under the overlying Coastal
Plain deposits, showing that Triassic basins formed there also. Triassic
conglomerate occurs on the eastern and western sides of the Richmond
basin (Goodwin, 1970). Triassi-c conglomerate has been napped in the area
between Route 250 and Kain Road between outcrops of interbedded sandstone
and shale and outcrops of the Petersburg granite. As Goodwin describes
itr the conglomerate is interbedded with a medium-to-coarse-grained
sandstone. The conglomerate contains cobbles and boulders composed
predominantly of granite. rn the southern part of the wesLern nargin of
the county, between the Petersburg granite and the interbedded sandstone
and shale, there is a north-to-south-trending band of coal. This band
runs on either side of Gayton Road and conti.nues south into Chester-
field County. Another sectl-on of coal measures in the Richmond basin
straddles the portion of Gayton Road which runs east to west. About
3.6 ruiles east of the coal measures is the Deep Run Basin, a northeast
trending basin comprised entirely of coal measures straddling u.s. Rt.
250. The coal measures consist of coal interbedded with arliosic sand-
stone and shale. The youngest rocks in the Triassic basins are the
diabase dikes which intrude all of the Triassie sedimentarv rocks.

The Piedmont rocks have been and sti1l remain subject to intensive
weathering processes. The in-place end product of the disintegration
of the Pi.edmont crystalline and consolidated Triassic roeks is referred
to as saprolite. Except for an occasional roek outcrop, saprolj-te
covers all the Piedmont hard rock. saprolite varies in depth, and its
thickness and mineral cornposition have a direct effect on the quality and
quantity of shallow sources of ground r^rater.

Coastal Plain Geology

General Stratigraphy

The Coastal Plain area of Henrico County is composed of a sequence
of marlne and non-marine sedimentary formations. These formations are
composed of clay, silt, sand and gravel which were deposited on the
eastward-sloping, Piedmont-liker "basement complex" rocks. The coastal
Plain units dlp and thicken to Lhe east.

The oldest of these units is the Patuxent Formation. It is believed
to date from a time of active tectonism ln the Early Cretaceous Period.
During that time deposits from the Piedmont (west) were eroded and trans-
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ported to the east and deposited in a series of deltaic lobes which
were filling the near-shore marine bays (Daniels and onuschak, 1_974).
This hypothesis is postulated in part from the nature of the sediments
found. They include fine gravel, coarse sand with a high feldspar
content, and silty to sandy clay. The coarse materials are indicatlve
of a high-energy, near-shore, depositional environment. The coarse
nature of the sediments makes the patuxent Foruration a highly pro-
ductive aquifer wherever it is found in the coastal plain.

The Patuxent Formatlon was subsequently covered by a number of
forrnations which were deposited in a cycllc pattern. Each of these
units is thought to represent a separate period of advance (trans-
gression) and retreat (regression) of the sea. sueh a cycle eontains
deposits of rnarine, near-shore, estuarine and fluvial environments.
The oldest of these units, the Aquia Fornation was deposited during
the Paleocene Epoch. Above the Aquia is the Nanjenoy Formation of
Eocene age. The Marlboro clay Member of the Nanjemoy rests directly
on top of the Aquia. The next unit, known locally as the ttMiocene
rdarl", includes the choptank and Eastover Formatl-ons (Gene Rader,
VDMR, personal conrmunication, 1981). rn the far eastern portion of
the county the marine phase of the yorktown Formation of Early
Pliocene age has been identified. The fluvial phase of the Yorktown
has been identified as far \.rest as r-95 (Gene Rader, vDl,tR, personal
conmunlcation, 1981).

FALL
ZONE

FLUVIAL
SEDIMENTS

SEDIMENTS FROM MARINE
REGRESSION

Fig.7. West-East, Generalized, Cross-Section, Depicting Marine
Regressive and Transgressive Deposition in the Gostal
Plain Portion of Henrico County.
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Tertiary and Quaternary age unlts rnake up the rernaining bulk of the
surface geology of the Coastal Plain. At the present time work is being
done to differentiate and correlate the fluvial units ln them with their
marine and estuarine equivalents. The coarse sands and gravels represent
the regressive portion of the formations. The latest unit deposited is
the recent alluvlum found in the stream valleys and flood plains of the
James and Chickahominy Rivers.

Coastal Pl-ain Tectonism

Evl-dence such as the distinct southward turn of Virginiars eastern
rivers has suggested to geologists the presence of fault systems in the
Coastal Plain. lJork is now in progress to relate known fault exposures
to other data in order to delineate these fault systems. The presence
of an exposed fault on the south side of the James River at Drewryrs
Bluff suggests that a north-south-trendlng fault system nay extend north
i-nto Henrico County. Siurilar faults observed in other areas are high-
angle reverse faults affecting formations dating from the Cretaceous
Period to the Miocene Epoch. The fact that the older formations are
more deformed than the younger formations suggests that the deformation
has been a long-term process, with movement continuing through much of
the Tertiary Period (OS ro 2 MYBP).
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CHAPTER IV

IIYDROGEOLOGY

General

Hydrogeology is defined as the study of ground water and its
relationships with the surrounding subsurface geology. Ground water
represents one of the stages in the movement of water through the
hydrologic cycle (Figure 9 ). The ground water portion of this
cycle is dependent upon the amount and frequency of precipitation
received in a given area and, perhaps more specifically, the amount
of the precipitation which infiltrates into the subsurface. rt isthi's'portibn 

"f :.hg, hydrologic cycle, precipitation and infiltration,whieh is responsible for ev6nruairy ietttarging at1 gr;"na ;;a;i-
resources. The rate of infiltration and the storage capaeities of the
rock formations are the keys to the quantity of ground rn/ater avai-lable
as a resource in any given area.

Precipitation pereolates into the subsurface through pores and
openings in the soil cover and rock. prior to reaching the ground
water table the r^/ater passes through the Zone of Aerati-on. The Zone
of Aeration is actually comprised of three separate zones which grade
into each other. The uppermost of these zones is the soil-watex zone.
Here water is held in the fine grained soil material by forces of
molecular attraction and plant roots. The next lower zone is the
intermedi-ate zone where the pore spaces are partially filled with
water. Beneath the internediate zone is the capillary fringe where
water is drawn upward above the water table and held in place by
capillary action. Below the capillary fringe is the Zone of Saturation,
an area where all interconnected pores are filled with hrater. The Zone
of Sat-uration is the ground water reservoir and the top of this zone
is the ground water table. (Figures 8a and 8b)

Soil conditions, vegetation, soil chemistry, topography, rcck
types, and geologic structure all influence the quantity and quality
of the ground water. Of these influencing factors, topography, rock
type, and geologic structure are the major factors controlling the
recharge, storage, quality, and quantity of a ground water resource.
Although these factors will be discussed in detail below, it should
be stressed that many of the parameters which affect ground water
are inter-related in very complex ways. A eomplete discussion of
these interrelationships is beyond the scope of this report.

Topography

The present topography in the l{enrico County area has evolved
primarily due to differential weathering of the existing rock
and sediments. Topographically-high areas generally are underlain
by well-consolidated, unfractured bedrock or areas of impermeable
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Fig. 8a. Subsurfacb Water Zones.

ZONE
OF

AERATION

ZONE
OF

SATURATION

Source: Virginia State water-;;tlE;rd

Ground Level

Zone of
Aeration

Discontinuous moisture zone
Moisture filrns not connected(indefinire deprh)

Capillary Fringe
Zone

Soil partially saturated,
moisture continuous

(indefinire deprh)

Zone of
Saturation

Water Table A Soil saturated,
moisture conLinuous

Figure Bb Soil Moisture Distribution
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clays. These high areas may be contrasted to areas dominated by
fractured, jointed, or unconsolidated rocks and sediment,s which have
become the topographical lows due to accelerated downward erosi.on.
Many of the naturally-flowing streams and springs that subsequently
occupy these topographical-ly-low areas are also the surface expres-
si-on of the ground water table. They represent an intersection of
the ground water table with the land surface.

The infiltration rate is greatly dependent upon topographie
slope and rock structure. steeply-sloping land areas cause rapid
runoff, allowing very little time for infiltration to occur. con-
versely, gently-sloping to flat areas allow longer water retention
times. The geologie structure has a simllar irrpact on runoff and
infiltration. rf the underlying rock is free of joi-nts, fractures
and pore spaces, water will not percolate into it but will run off
or stay at the soil-rock interface. A high-relief soil-rock interface
will contribute to high relief surface topography. The resultant
slopes will encourage runoff of precipitation by causing short irater
retention times. Excessive runoff leads to erosion of the soil zone
This further inhibits infiltration by removing the soil as a rnrater
storage medium above bedrock.

Water that infiltrates into the subsurface eventually recharges
the ground water reservoir. The upper surface of this reservoir is
called the ground water table and it usually parallels the surface
topography (Figure 9).

Rock .

A.s used in this report, the term ttrockil and ttro_qk unittt will mean
both consolidated and unconsolidated materials. Each roek or rock
unit has specific external and internal physical and chemieal charac-
teristics which greatly affect the quality and quanti-ty of the ground
r{rater resource. The most important physieal characteristics of a rock
which affect its water-yielding capabilities are its porosity and
permeability. Porosity ls defined as the volume of a rock unit which
is not occupied by solid material. It directly relates to the ground
water storage capacity of the unit. Permeability is defined as the
capacity of the rock unit to allow ground water movement. It is a
measure of the rockts ability to transmit its stored ground r^rater.
Both the porosity and permeability of any rock unit are dependent upon
the size and orientation of its mineral grains and the presence of
voids, fractures and joints. (Figure 10) A highly permeable
and porous rock (i.e., sand) is ideal for ground water infiltration,
storage, and transmission. In contrast, a rock unit such as clay can
possess a high degree of porosity, but have a low permeabili.ty and,
therefore, be a very poor ground water transmitter. The terms aquifer,
aquitard, and aquiclude describe lhe overall ground water transmlssion
characteristics (permeability) of a geologic forrnation and are directly
associated with the rock type. An aquifer is described as a roek unit
which a1lows the transmission and rapid well-recovery of ground l^rater.
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Fig. 10. Diagramatic Representations Showing Examples of Porosity
and Permeability.

EXAMPLES OF POROSITY -
- Porosity is the amount of pore space, or volume of a formation which is not occupied by solid material.

- Well-Sorted, Medium Size
Sediment
(High Porosity)

- Well-Sorted
Gravel - (Very High
Porosity)

EXAMPLES OF PERMEABI LITY

- Well-Sorted Medium Size
Sediment with Porous Grains
(Very High Porosity)

- Clay (High Porosity!

Piedmont T1g Bedro*
- Cavities Developed

Along Fractures
and Joints
(Very High Porosity)

- lnterconnected Fractures
(High Pemeabilityl

- Poorly Sorted Sediment
(Low Porosity)

- lf Intergranular Space is
Cemented - (Very Low
Porosityl

- Permeability is the capacity of a porous medium to transmit water.

- Well-Sorted, Medium Size
Sediment
(High PermeabiliU)

- Well-Sorted, Gravel
(Highest Permeabil ity)

- Poorly Sorted Sediment
(High Permeability -
Lower than Well Sorted,
Coarse Sediment)

- Poorly-Sorted Sediment,
Cemented Inter-
Granular Spaces
(Very Low Permeability)

- Clay
(Very Low Permeability)

Piedmont Tvpe Bedrock

- Non-Gonnecting
Fractures and
Joints
{Very Low Permeability)

STATE WATER CONTROL BOARD.- PRO



Fig. 11. Frastures in Bedrock Formations Affect Well Yield'

The chemical composition of the rock unlt affects or determines
the water quality. Various chemical constituents of the rock unit
are dissol-ved in the ground water as it moves through the unit.
Infiltration rates and the amount of time the water remains ln
intimate assoeiatlon wlth the roek are important factors in determining
ground water quality.

Geologic Structure

The geol-ogic structure of an area refers to the reLatlve positions
of rock units or formations with respect, to such characteristics as
thLckness, extent, and regional dipping or warping. Within each rock
unit the term refers Lo the orientation of the rocks and is character-
ized by smal1 scale folding, jointing, and faulting. Such structural
features can hinder or hasten ground nater recharge, movement, and
storage. (Figure 11)

Source: Newport (1971)



The presence of faults, fractures and Joints can greatly enhancethe porosity of a geologic unit. rf the joints and fractures areinterconnected, water can percolate into the unit more easily and movethrough the unit with greater ease thereafter. A high angle of dipmay also increase the infiltratlon rate (recharge raie). -

Piedmont Hydrogeology

The Piedmont section of Henrico county is characterized byconsolidated roek formations whi.ch are overlain by a relatlvely thinsaprolite "soil'r cover. The hydrogeologic characteristies of theseconsolidated rocks must be evaluated on a site-by-site basis. of theconsolidated rocks, the igneous and metamorphic units found in the
Piedrnont section generally are impermeable but the effects of weather-lng, Jointing, and faulting have created spaces for ground water to
accumurate within these units. rt is important to note that joints
and fractures generally decrease in si.ze and number with increasing
lepth. Drilling a well in rhe piedmont deeper than 91 to r22 merers(300 to 400 feet) is usually inadvisable unless site specific studies
have shor"m that yields indeed increase with depth.

Paleozoic Rocks (330 I'{yBp)

cataclastic rocks cover only a small portion of the northwest
corner of the county, approximately gg hectares (21g acres). They
are vi-sible in only a linited numler of outcrops and so, for the mostpart' the location of the contact has been inferred. Since there isa shortage of well data in this area, only certain generallties may
be made about the hydrogeology of the cataclastic rocks.

The cataclastic rocks are distlnguished by their closely spacedjointing. The rnany joints and fractures along the eastern edge of thisunit form a fault-shear zone which is in line with the Triassic faultsto the southwest. It is reasonable to expect that these closely spacedjoint sets, and especially the fault-shear zone, have good potential
for yielding ground r^rater. ,,

Jointing i-s also a feature of the petersburg granite but is not
as much in evidence. In Henrtco County the Petersburg granite lies to
the south and east of the cataclastic rocks. Outcrops are visible all
over the western half of the county and in the bed of the James River
in the Fa1l Zone. The formation is found at depth to the east of
this area below Coastal Plain sediments. Depths of we1ls in the Peters-
burg granite range frorn 9.4 meters (31 feet) to over 151.5 meters (500
feet). The average depth of these wells in the record.s of the state
hlater control Board is 82.7 meters (273 feet). yields of wells in the
Petersburg granite are very variable. yields range from less than
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3.78 lpn (1 gpm) ro over 757 lpm (200 gpm) wirh 216 lpm (57 gpm) being
the average. It must be remembered that these yields do not normally
increase lrlth depth, but rather with the degree of jointing and the
thickness and nature of overlying rnaterials. When plotted and contouredby computer, the yield data indicates an lncrease to the east in the
section of the county underlai-n by the petersburg granite. This is
probably a reflection of an increase in thickness of the saprolite or of
the coarse, regressive, t.errace sediments of the overlying Coastal p1ain.

Triassic Rocks (225 to 190 MyBp)

Regionally' Triassic rocks exhibtt hydrogeologic characteristics
similar to the Petersburg granite. This is due to the faet that the
diagenetic forces which consolidated them have deereased their porosl"ty
and permeability.

There are four wells in the records of the State Water Control Board
which penetrate the Trlassic roeks in Henrico County. Three of these
wells are in the Coastal Plain secti-on of the county. Their depths range
from 184.8 to 215.8 meters (610 to 712 feer). The Triassic-like rocks
found in these eastern wel-ls were overlain by the Patuxent and later
for:mations of the Coastal Plain making yield data unreliable. I{owever,
State Water Control Board Well No. L43-90, drilled for the Lower Tuckahoe
Service Company, is apparently entirely within the Triassic outcrop area.
rts yield of 144 lpm (38 gprn) and deprh of 60.6 merers (200 feet) appears
typical of other Piedmont wells.

Although ground water yields vary considerably with location, certain
techniques have been developed to assist in locating potential well sites.
One such technique known as fracture traee analysis consists of trying to
locate fracture zones using topographic maps and aerial photographs.
Si"nee fractured areas are more subject to weathering and erosion, they
often appear as topographically low areas. By observing topography and
drainage patterns, well sites can be located over the subterranean
fractures. Many pegmatites (coalse-grained igneous dikes and veins)
develop into highly-permeable gouge zones due to weathering action. These
pegmatitlc gouge zones store grotrnd water and can yield adequate domesti-c
supplies. Unfortunately, the possi-bility of high iron concentrations and
surface \dater contamination make the rnajoriLy of them less than ideal
ground r^rater sources. '

Saprolite is found as the surface cover for most of the Piedmont
area (Figure 12) . It ranges in thickness from zero meters, at a bedrock
outcroP' to 30 meters (100 feet) or more in highly-weathered, topographically-
low areas. The saprolite has hydrogeologic characteristics similar to
unconsolidated sediments, but its permeability is considerably lower
due to its non-transported nature and high clay content. Much of the
infiltrating rainwater collects at the saprolite-bedrock interface due
to the impermeability of the solid bedrock below. Most shallow bored
wei-ls in the Piednont tap this zone for their ground water supply [Flgure
13 (we1L lt 4)1.
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Fig. 14. Common Examples of Rock-Saprolite Relationships in the
Piedmont and the Effects They Have upon the Ground Water.

saprolite
wat6r table

bedrock

ftrick saprolite in toy:ograptr-ica11y-1ow area with generally
parallel basenent relief .

Ttrick saprolite in topographicafly-high areas with ninor
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Stream alluvium and terrace deposits along streams and drainageways
also supply some shallow wells ln the Piedmont [Figure 13 (well ll 2)].
The unconsolidated sediments usually contain adequate ground hrater
supplies for domestic purposes. I4ost of these supplies are very suscepL-
ible to fluctuations in precipitation and nearby stream and drainage\^ray
contamination. of all such deposits, the alluvial sediments with
coarse constituents are the best potential ground water source.

Coastal Plain Hydrogeology

The rnajor ground lrater production aquifers in the Coastal Plain
section of Henrico County include the Paleozoic and Triassic "basement
complex" rocks, the principal artesian aquifer (the Patuxent Formation
of Cretaceous age), the upper artesian aquifer (late CreLaeeous and
Tertiary), and the near surface water table aquifers.

I{hile the principal aquifer can be relied upon to produce a steady,
abundant supply of water, it is often more economical to tap shallower
units with a bored well for donestic or farm use.

Paleozoic "Basement Complex" (330 IIYBP)

Just as there are Triassic rocks tapped by Coastal Plain wells,
there are also wells drilled into the Petersburg granite beneath the
Coastal Plain. The water bearing characteristics of these rocks at
depth in the Coastal Plain are strictly related to the degree to which
they are fractured. !trells 143-1, 143-6, and L43-7 in the files of the
State Water Control Board have been identified as being in the Petersburg
granite. Their depths, ranging frorn 69.2 to 86.9 meters (227 to 285
feet) bracket the average depth for all Petersburg wells cited before.
The -rrields of these wel1s range from 26.5 to 291 lpm (7 to 77 gpn) .

Because these wells are drilled through the overlying Coastal Plain
aquifers, the entire yield cannot be attributed to the Petersburg
granite.

Cretaceous Period (135 to 63 MYBP)

The lowest Cretaceous unit is the Patuxent Formation (Kptx). This
aquifer has proven to be the best source of water in deep wells on the
Coastal Plain. This is due to the highly permeable nature of the coarse
sands and gravels which make up the formatior5 its thickness, and its wide
areal extent. The presumed subsurface extent of this formation is shown
in Figure 16.

The thiekness of the Patuxent formation is not consistent due to
the near-shore nature of its deposition as a series of deltas. The high
energy regimes of the distributary channels deposited coarse sediments
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into "basement complextt topographic 1ows. As the basement l-ows fill-ed,
finer-grained sediments were deposited on the flanks of basement highs.
As later formations were deposited on top of these sedil,ments, the fine
grai-ned deposits were compacted to a greater extent than the eoarse
grained ones. Report of rnvestigati.ons 38, vDl,lR,(L974) contains a
plate depicting a thinner area of the patuxent in the area of Byrd
rnternational Airport. This corresponds to an area of lower well_yield.

The yields fronn the Patuxent Formation range from 22.7 to 2649 Lpm
(6 gpn to 700 gpn) wirh an average of 4L2 lpm (109 Cpm). Depths of
wells drill-ed into the Patuxent Formation average 89.5 met,ers (294 feet)
with the shallowest in the records of the State llater Control- Board
being 50.6 meters (166 feet) and the deepesr being 181.3 merers (595
feet).

In addition to yield a:rd depth there are other more precise methods
which nay be used to evaluate an aquiferts ground water transmi.ssi.on
capacity. Often well data can be used to calculate hydraulic conductivity,
an approximate value for the true permeability of an aguifer. High
hydraulic conductivity values indicate a more permeable zone of rock
with a greater potential for yielding ground water. Hydraulic conduc;
tivity may be computed as follows:

trIhere: K = hydraulic conductivity in Meinzers
T = total hours pumped

Q = total gallons discharged
S = drawdorrm in feet
h = thickness in feet .of permeable section of the aquifer' rT = 3.14159
D = diameter of the hole in feet

To nodify this formula for gallons per minute:

K = Q.1440_STT'D_

As an example of this measurement, the hydraulie eonductivity (average
permeabi-lity) can be caleulated for State tr{ater Control Board I'Iell- /l 143-3.
The discharge or yield is 6 gpn. The drawdown (S) is 40 feet with the
screened section of the aquifer (h) equaling 30 feet. The diameter of the
hole (P) is 0.5 feet. Therefore:

I = (6 gpm) (1440 rninuteF/day)
(40') (30') (3. 14159) (o. s ' )

K = - 864 = 4.58 gallons per minute per square foot per foot of drawdown..1384-.96

a
ShnD

K=24,
T



Hydraulic conductivlty vaLues derived for those Patuxent Formation
wells with complete data are shown in Table IV. To understand the
potential yield of an aqui-fer, the hydraulic eonductlvity (perrneability)
is the best but most complex method.

Speclfic capacity is another value used in evaluating well poten-
tial. This value can be obtained by dividing the welL yield by the
measured drawdown for a specific perlod of time and modifying the
result by the variables of well radius and the portion of the aquifer
being used. Because of the difficulty in obtaining the values for
agulfer thickness, no attempt was made to derive these values for this
report.

The Patuxent Formation has been and can be an abundant source for
ground water in Henrico County. An examination of well yield data for
wells drawing on the Patuxent Formation shows an eastlrard increase in
yleLd. This lncrease corresponds to the thickening of the Patuxent.
Formation to the east. An area of low yield just northeast of the
James'River, in the general area of Varina, may correspond to a thlnning
of the formation due to the area belng between deltaic lobes, or from
erosion of the formation due to meandering of the river.

Late Cretaceous and Tertiary Periods (70 to 2 MYBP)

The preval-ence of wells in the Patuxent Formation is in stark.con-
trast to the scarcity of wells in the marine transgressive sequenee of
beds above the Patuxent (Figure 15). .State Water Control Board records
contain only 6 wel1s which bottom in one of these marine beds. l\lo of
the wells, numbers L24 and 310, are deep wells, 57.9 to 70.7 meLers
(190 and 232 feet), whereas the other four are relatively shallow,
between L2.2 and L5.2 meters (40 and 50 feet deep). Yield data for these
shal-l-ower wells is lacking. It is likely that the bulk of the water in
these we1ls has accumulated in the overlying regressive sands and gravels.
This is true of well nurnber 304. In this well further drilling into the
Miocene marl did not increase yield appreciably. Although Cederstromrs
(1957) study postulated otherwise, State Water Control Board data
indicates that these transgressive marine sediments are a vastly inferior
aquifer in comparison to overlying and underlying beds.

Late Tertiary and Quaternary Periods (11 MYBP to Present)

The regression of the sea during the Late Miocene caused a change
in the nature of the sediments being deposited. These coarse sands and
occasional gravels are quite permeable. For this reason a large nunber
of wells have been bored or dug into these beds to provide adequate
water supplies for small farmg and donestic uses. The $tate trIater Control
Boa,rd files indicate that these we1ls average 12 meters (39 feet) in
clepth.



TABLE IV IIYDMULIC CONDUCTIVITY ]- PATUXENT AQUITER

T{YDRATILIC CONDUCTIVITY
(GPM per Square Foot
!e,r-_Eegt of l1awjoqnl

4.58
31.84
3l_.87
57.29
30. 63
76.39
1.5. 68
26.43
93.79
44.87

28s.2r
24.88
16.38
68.82
2L.85
44.98
11.85
7 3.79
73.63
4L.67
55.84
22.L2
51.16

3.27
25.47
57 .30
46.67
4L.58
44.L8

,SWCB WELL #

3
5
I

L9
20
27
31
32

.34
36
39
40
62
63
65
69
70
75
79
80
87
91
92
93
99

159
159
L87
200

39



TABLE V

COMMON PERMEABILITIES AND

HYDRAULIC CONDUCTIVITIES (at 60.F)

Groundwater
Producti on

Very Good Flow

Permeabi I i ty
( Darc i e,s I

over I 000

Hydraul ic
Conducti vi ty
J!'l-einzers )

over 18,?00

I 00-l 8,200

5-l 00

Rock or Soil Material

unconsol idated, cl ean,
well-sorted sand and
grave'l , open coquina,
open fractures and
fault zones, open lime-
stone caverns and solu-
tion vugs, open breccia

packed, clean gravel,
dune sand, fine, un-
consolidated, clean
sand, packed, clean
coarse sand

moderatel y- i ndu ra ted-
and-cemented, clean,
wel l -sorted sandstone,
silt, loess

very-i ndurated-and'
cemented, clean sand-
stone and siltstone,
poorly-sorted sand
and sandstone

sucrosic dolomite,
quartzite, clayey
siltstone and sand-
stone

clay, shale, mudstone,
unweathered, crystal -
line limestone and
dense do]omite, un-
weathered igneous and
metamorphic rocks, grdl-
wack, salt, iron ore,
massive chert

Good Flow 5.5-l 000

Average Flow 0.275-5.5

Low Flow 0. I I -0.275

Very Low Flow 0.055-0.1 I

No Fl ow less than 0.055 I ess than I

2-5

t-?

40

SOURCE: SWCB-PR0, Bt^lCM
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It must be borne in n'ind that this aquifer is first to be affected by
seasonal fluctuations in the water table but generally remains an
adequate low-yield ground \^rater producer even during times of drought.

The last of these formations to be deposited is the Quaternary
alluvium. Although these poorly sorted clays, sands and gravels are
found over a large area, they are relatively thin and thei-r position
and thickness fluctuates with the amount and vel-ocity of the water
flowing through the drainageways of the eounty. For this reason they
are not consi-dered important aquifers.

Fal1 Zone Hydrogeology

The border between the Piedmont rocks to the west and the Coastal
Plain sediments to the east is the Fal1 Zone (Figure 3). This zone
trends north-south, parallel to, and in the vicinity of, Interstate 95.
An abrupt decrease in land elevation is noted i-n the Fal1 Zone. This
difference in elevation is displayed not only in the topography but also
by the change in velocit.ies of the streams and rivers and by the many
Petersburg granite outcrops.

Sources for ground water along the Fall Zone ate rather limited and
inelude the saprolite overlying the Petersburg granite; the thin,
onlapping, undifferentiated, Coastal Plain sediments; and the underlying
Petersburg granite bedrock. The best source of ground water in the Fall
Zone is from the deeper, underlying Petersburg granite. Fractures and
joints in the granite offer a greater potential for good ground water
yields than the overlying saprolite and unconsolidated materials (Figure
11).

Coastal Plain Fault Zone

It is hoped that areas affected by cenozoic faulting will soon be
delineated in the area. Faulting of the Coastal Plain beds is signifi-
cant for three reasons. First, by offsetting beds vertically the fault
makes it difficult to predict the depth at which a water bearing formation
can be found. Second, this vertical displacement of beds can place an
impermeable bed in juxtapositl-on with a permeable bed. This will
slow lateral recharge down dip (eastward) and cause ponding up dip of
fhe fault. While the ponding nay be desirable from a quantity standpoint,
the quality of the ponded water may be affected. Ponding of water within
the formation may result in an increase of dissolved solids. Third, there
may be a dump zone of coarse sediments on the down-throwh block adjacent
to the fault. This is especially true when sedimentation and faulting
are contemporaneous. Such a zone could be expected to provide a high
yield although it may be limited in extent.



CHAPTER V

GROI]ND I^IATER QUALITY

General

Ground r^rater quality inforrnation is collected throughout the
comrnonwealth on a continuous basis by the staff of the state Water
control Board; The quality information obtaj-ned enables the Board
to monitor ground water quality. Quality fluctuations in an area
may be indicative of ground water pollution. Long term background
sampling is performed in order that long term quality trends, including
gradual ground water degradation, can be ascertained. A11 of this
inforrnation is correlated with other well information to enable more
efficient ground water resource management.

This chapter will discuss the methods errployed in quality data
collection and storage, the chemi.cal parameters tested, and how the
major quality parameters relate to the hydrogeology of an area.

Ground water quality infornation for Henrieo County was obtained
from newly completed public-use wells, records from the state Depart-
ment of Health, pas.t graund water sampling by the State tr{ater Control
Board, and ongolng ground \^rater sampling procedures carried out by
the Piedrnont Regional Office. Many'high-use wells, notably publie
supply and industrial wells, are .sampled on a periodic basis, allowing
a better understanding of quality changes through time and usage.

A11 ground water quality data for Henrieo County has been stored
on computer by the State Water Control Board. Sixty-Ehree possibl-e
water-quality parameters have been recorded, with fifteen major parameters
displayed on the periodically published computer print-outs.

A11 ground water quality information is determined by standard,
approved, chemical-analysis techniques performed by the Corunonwealth of
Virginia Consolidated Laboratory in the Division of Environmental Sciences.
The parameters tested for in each State lJater Control- Board ground water
sample include: pH (laboratory); alkalinity/acidity (rng/l as CaCO3);
total sol.ids, volatile, fixed; suspended solids, volatile, fixed; .chloride;
hardness, EDTA (rng/l as CaCO3); nitrogen, total Kjeldahl; phosphorus, total;
phosphorus, ortho; ammonia (rng/l as N); nitrite & nitrate (rng/l as N);
nitrite (mg/f as N); sulphate; total organic carbon; fluoride; arsenic;
cadmium; caleium; chromiurn; copper; iron; lead, total; magnesium; nanganese;
mercury, total; zinc; sodiurn; potassium; total coliform/1-00 ml-l,IPN;
fecal coliform/lO0 rnl-MPN; and conducti-vity (rnicro-mhos/cn). A table of
major parameters and their recommended maximun concentrations is provided
in Appendix II.
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Almost all- of the dissol-ved solid substances found in ground nater
are added as the water percolates through the subsurface. A chemical
equllibrlum is reached for each substanee as its concentration approaches
saturation levels. Temperature, pressure, and ground water volume
directly affect this process. Many variables such as vegetation, anount
of precipitation, pH, geol-ogy, and aquifer composition also affect gror:nd
water quality by the kinds and amounts of constituents they provide.

The usefulness of ground water is relat,ed directly to the kinds and
amounts of dissol-ved minerals, and other chemical characteristics of the
water. Unlike surface water, ground rrater usualJ-y contains only minor
amounts of suspended sol-ids and virtual-ly no bacteria.

The ion concentrations of the dissolved materials are usuall-y of
prlme concern in a chemical analysLs. The maJor properties of ground
water that best refleet i-ts general quaLity are: hardness, specific
electrical conductance, hydrogen ion concentration (pH), total dissolved
sol-ids, iron (Fe#), chloride (C1-), fluoride (r-), and nitrate (NO3-).
These are usually reported in milligrans per liter units, (ng/l), whieh
are the same as parts per rnillion (1-ppm = one part by weight of the
dissolved substance eontained in one nillion parts, by weight, of the
sol-ution).

Major Ground llater Quality Parameters

Hardness

The values of this parameter indi.cate the rrsoap-wast,ing" properties
of the water. El-ements such as iron, nanganese, copper, barium, lead,
zinc, calcium and rnagnesium w111 combine with the components of soap to
form an, insoluble curd. Until these elements are precipitated out of
the water, the soap will not lather and clean properly. For this reason
rlat,er containing large quantities of these elements is ca11ed "hard watertr
and uses larger quantities of soap than ttsoft hraterrt. In addition, hard
water will forn scale upon evaporatlon and heating.

Of the elernents listed above, calcium and rnagnesium are nost eoramonly
found in ground rilater. These elements are added as the ltater noves through
limestone, dolomite, or unconsoLidated marine sediments. Dissolved carbon
dioxide in the r^rater causes the water to act as an aeid on the rocks
and sediments and dissol-ves the elements out of the rock. Because of this
chemical action, one would expect ground water hardness to vary according
to rock type in Henrico County. The water hardness map verlfies
this (Figure 18). In the Piedrnont, hardness values are low. Coastal
PLain sediments add cal-cium and magnesium to the water due to their marine
origin and fossiliferous nature. Ilardness values increase east of the
Fall Zone, but are notably lower in certain areas of the eastern portion
of the Coastal Plain. This decl-ine is explained by the phenomenon of
cation or base exchange. Sodiun in the mnrine sediments replaces the
calcium in the \tater, thereby softening it.
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while hard water poses no threat to health, values of over 100 partsper million nay require costly softentng for economical or aesthetic rea-sons' Excessive use of soap and frequent cl-eanlng of boilers can prove
expensive

Specific Conductance

Speclfic electrj-cal- conductance refers to the ability of ground waterto conduct an electric current. rt is significant because it serv;; ;;-;-measure of the amount of elemente and ions which are dlssol-ved in the rir4ter.Although pure water _is a good insulator, the addition of "rry a smallanount of materi.al (dissocj.ated ions) lnto solution renders the sofutionelectricalJ-y conductive and its conductivity increases as the number ofdissoeiated ions increa$es. ltigh specific tonductivtty values i.ndicateundesirable water for several reasons. Higher conductivity in groundtrater will accelerate corrosion of iron and steel due to t.he inereasedelectrorytic action. ALso, rilater supplies with hlgh conductivity areunsuitable for use in fire fighting because of the danger of open circuitsgrounding thernselves through the stream of water used to extinguish thefire.

Specific conductance val"ues for the lower artesian aqulfer (patuxent
Formation) have been plotted in Flgure 20. The figur-es are relatively lowand no particular rrend can be noticed. rn riiure= 19- rhe;;-.L-j_,r"" "r"depicted countyruide for all other aquifers in itre county. values arehighest along the Fall Zone and ln the areas to the southeast of the FalL
Zone.

Total Dissolved Solids (TDS)

The total dissolved solids values reflect the total anount of dis-
solved' (dissociated) substances in the water. For this reaaon the value
serves as a generalized indicator of ground water quality. The value is
obtained by evaporating a quanti.ty of the water sanple and weighing the
residue or by computation from specific conductivity figures. Ground
water with grearer than 1000 ng/l- (TDS) is not desirabl_e both for the
corrosion potential mentioned above and for the cumulative effect the
dissolved substances may have on the taste of the water. I'lhiLe concen-trations greater than 500 mg/l- (TDS) nay not be unhealthy, concentrations
less than 500 rng/l are preferred for both aesthetic reasons and for the
smaller amount of scale precipitated in industrial- eguipment.

In Henrico County values for total dissoJ.ved solids range from a low
of 3 mg/l to a high ot 2o43 mg/l. Total dissolved sollds concentrationsj-n most wells in the county range frorn 50-100 mg/l with wells from the
Patuxent Formation tending to have higher eoncenlrations than well-s in
the Petersburg granite.

The values for total dissol-ved soLids are plotted in Flgure 21.
As noted in the map for conduetivity, the highest values are
found around and to the southeast of the Fall Zone.
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Hydrogen Ion Goncentration (pH)

An increase in the hydrogen ion concentration (lll) causes hlater to
act like an acid and extribit a characteristieally low pll value. Values
for pH range fron 0 to 14, with 0 being most acidic, 14 nost basic
(alkaline), and 7 representing a neutral solution. Each unit of pH

indicates a 10-fold change in the hydrogen ion concentration.

Most ground water has its pH controlled by the carbon dioxide-
bicarbonate relationship. An increase in dissolved carbon dioxide
mekes the water more acidic due to the produetion of carbonic acid.
Any dissolved bicarbonate will rnake the ground water more basic (alka-
f-ine). The equilibrium between these aeidic and basic comPonents
determines most ground water pH. Since carbon dioxide can escape
rapidly from a water sample, thereby reducing lts acldity, timely
field pH tests are more representative of true pll than delayed 1ab-
oratory tests. In the Ground Water Quality Listing (see Appendix V),
the high pH values, found in State Water Control Board we1ls with low
listed nunbers, relate to the loss of acid forming carbon dioxide
from the samples before laboratory testi-ng could be perfonned. In
reeent years, uore efficient equipnent has enabled more expedient lab-
oratory analysis, and this is presr:med to be reflected in the lower
pII values.

The corrosion of pl-umbing materials by ground water with a low
pH value can degrade the quality of the water. Not on1-y is a sour taste
imparted to water with a pH less than 4, but the corrosion of eoncrete'
zinc-galvanized, or copper pipes will add additional impurities to the
water. The presence of hydrogen ions in htater affects the degree of
chemical- dissociation of many substances. The effect of additional
hydrogen ions often makes the solution more tcxic as it results in
a larger part of the substance remaining dissolved in the water.

Most ground water in Henrico County shornted a pH in the acceptable
range of 5.5-8.0. While some wells ehowed values ln excess of 8, these
uay reflect oLder sampling qethod,s more than 1qcal tfeads. See Figure
22.

Iron (Fe#)

Iron is present in most water bupplies, but in amounts above 0.3 mg/l
staining of clothes and ph:mbing flxtures as wel-l as incrustation of well
screens and pipes occurs. Some industries require the tron concentration
of their proeess hrater to be less than 0.1- mg/L. This value is sometimes
difficult to achieve since the average concentration in ground l,rater ranges
from I to 5 ng/l. Aeration can usual-I-y reduce this value to about 0.1 ppn
(Johnson, L975). Physiologieally, lower leveLs of lron have been noted
to have no adverse effect on humans or animals. The hr:nan body actually
requires 5 to 6 nilligrans of iron per day.
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Ground wat,er acqulres iron from various iron-bearing minerals
(biotite, glauconit,e, hornblende, pyroxene, and others) during the
percolation process. The amount of iron uptake depends l-argely upon
the pH of the hrater. The l-ower the pH the more lron will go into
solution. Acidic ground water wil-l dissolve the iron from well
casing, piping, and purnp parts. Iron-bearing ground \tater nay appear
clear when initially purnped, but upon contact with the o)rygen of the
air a rusty iron precipitate appears. Iron bacteria such as crenothrix
flourish in iron bearing rtaters and such bacterla produce pipe elogging
precipitates.

Iron concentrations in Henrico County ground water range from
undetectable to more than eight parts per miL1ion. Most of these
values are within the desirabLe 0-.30 mg/l- range. Concentrati.ons from
wells tapplng the sands deposited durlng regression of the sea are
generally lower in iron. The Patuxent Formation also appears to cont.ain
water with low iron concentrations. Often wells \ilith hlgh iron concen-
trati-ons have had low concentrat,ions i.n other samples. While the
Petersburg granlte appears to contain water wlth acceptabl-e concen-
trat.ions, there are overal-l- higher concentrations noted from wells
in the Piedmont section than in welL sanpLes from the Coastal P1ain
section.

Data plots of ground water lron concentratlons ln the county are
shown in Figures 23 and 24.

Chloride (C1-)

The minerals which make up igneous rocks generally contain very
little chloride, especiall-y the forms of chlorine which are readlly sol-uble.
The chloride content of sea water is about 19r000 mg/l (Johnson, 1975).
For these reasons one would expect to find larger anounts of chLoride in
Coastal Plain, marine-deposited sediment.s than in those rocks west of the
FaL1 Zone. This is generall-y true, although the chloride levels vary a

great deal in the eounty. For ihe most part, chloride levels.in llenrico
County fall within the 1-10 rng/]- range with several wel-1 sanples contain-
ing over 10 rp.g/l chloride.

Excepg in cases where an individual- is suffering from heart or kidney
disease, chloride concentrations below the 250 pprn l-evel pose very little
health risk.

The nap of chloride concentrations is displayed in Flgurq 25. Hlgher
concentrations can be noted in the Fall Zone and appear in various locations
throughout the eastern part of .the county.

Fluoride (F-)

Fluoride in ground water usually is derived fron the mineral fluorite
(CaF2) assoclate<l as a later-hydrothermal mlneral in cavities and joints
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in granites and pegmatites. Some fluoride nay come from micas and clays
that have had (OH-) groups replaced by (F-). High fluoride concentrations
can cause mottling of childrenrs teeth: Mottling can occur at fluoride
levels above 0.8 rng/l. Adults can tolerate leveis of 3 to 4 ^glt without
ill effects. Some fluoride is desirable in the prevention of tooth decay,
hrith 1.0 ng/l chosen as the ideal concentration.

Fluoride values in Henrico County ran.ge f,rom undetect,able to 19.!r ng/\.
Most of the high values are noted to come from wells in the Petersburg
granite. Fluoride values in water from well-s in the Patuxent Formation
tend to be lower than in r^rater from the petersburg granite. Many of the
lowest levels are found in shallow wells in the Quaternary regressive
sands. Fluoride levels for all of the geologic formations in-the county
are given in Figure 26.

l{itrate (NO3-)

Ni-trate can vary greatly in ground water, with little or no direct
relationship to the surroundlng geology or the aquifer. Concentrations
of nitrates oceur in the soil zone from nitrogen-fixing bact.eria, ferti-
Lizer, manure, and plant debris. In spite of the potential for high
concentrations, nitrates seldom appear in high concentrations in surface
rraters because they are constantl-y being utilized by plants. However,
once nitrates migrate underground into drinking water supplies, nany
problems may result.

Nitrate eoncentrations greater than 45 rng/1 may cause a toxic effecL
called "cyanosis'r or "blue babyrr i-n some infants. Cyanosis does not oecur
in older children and adults, but. high concenLrations nay irritate the
bladder and gastro-intestinal tract. A maximum value of 45 ng/l nitrate
(NO:-) or 10 ng/l nitrogen (N) is the healthful limit determined by the
state Health Department.

Nitrate concentrations in Henrico County vary from a high of 68.7 mg/L
to undetectable levels. A few wells in the county are noted to have
excessive concentrations. These wells tend to be shallow and the high
values may be reflecting well construction problems. When high ni-trate
concentrations are found in ground waLer, it has been the experienee of
local health officials that the problem is due to the infiltration of
fertilizers and nanure into the ground \,rrater via a faulty wel1. This
rnay be due to poor well desi.gn and well grouting or simply t,o settlement
of the well casing after construction. It is particularly important that
shallow wells be grouted sufficiently to prevent conLaminants from nitrogen
laden soil from entering the well.
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ConcLusions

Ground rirater quaLity in Henrico County ls generally guite good.
Several areas have unusuall-y high vaLues of certain substancee but these
concentrations are rarely a health hazard and usually are caused by the
ehemical conposition of the subsurface aquffers.

The qual-lty of all ground water must be maintained at its natural-l-y-
high standard. Ground water pollution ls usualLy lnpoesible to clean up
and, therefore, prevent,ion of pollution is the onl-y viable recourse.
The ground water quality i.nforrnatton presented here shoul-d be utiLized
by the public not onl-y to avoid areas of poor quallty ground water, but
al-so to faurlliarize the public wlth various k{nds of naturaL and man-made
contaminants affectlng our fragil-e ground water resources.
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CHAPTER VI

GROUND WATER RECHARGE & STORAGE

General

As partially discussed in the chapter on hydrogeology, ground water
recharge to an aquifer is dependent upon precipitation, ternperature,
humidity, surface area of aquifqr exposed to infiltration, vegetation'
topography, soils, rock type, and overlying geology. The infiltration
of precipitation depends on the porosity and permeability of the soil
and the geologic formation. Generally, reeharge rates, are rapid ln
highly-fractured rock and permeable sand and gradel, and very slow in
unfractured rock and less-permeable clay and si1t.

The frequency and intensity of precipitation is a major factor in
aquifer recharge. A large amount of precipitation is important for
recharge; horvever, a light rain of long duration wil-l allow more water
to infiltrate than will a heavy downpour of short duration. There are
several factors which lirnlt the speed with which water percolates into
the ground. Chief among these ar.e friction between the water and the
material through whlch it passes, grain si-ze variations (see Figure 10),
and forces of attraction between grains (Van der Waals forces). , Due to
these lirniting factors, a heavy rainfall often supplies nore water than
can irnraediately percolate into the ground and much of the water is lost
as runoff

Two other factors which infl.uence ground water recharge are vegetation
and the depth and permeability of the soil. Vegetation plays a double
role in that the roo! systems act to break up the soil, adding to the
soil porosity and permeability.. In areas of sparse soil cover roots will
often act directly on the bedrock, enlarging fract.ures and causing pleces
of the rock to break away. At the surface the vegetation acts as a
physical barrier to runoff and adds to retention times. A thtck soll
(saprolite) zone provides more above rock qtorage than a thin soil (sapro-
lite) zone and the permeability of the soil directly affects the amount
of water which can pass through it to an underlying aquifer.

The ground water storage capabilities of the aqulfers in Henrico
County vary greatly. It is obvious that aquifers of greater extent'
thickness, permeability and porosity generally have larger storage capac-
ities than thln, localized, less porous aquifers.

Piedmont

The saprolite cover generally has adequate permeability for ground
water recharge; however, increased intergranular friction on the infil-
trating water, grain size variations within the saprolite, and Van der
Waalrs forces greatly impede the rate of ground water infiltration.
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storage capacities.of the saprolite are d.ependent upon the volume ofinterconnected saprol-ite cover. Deep saprolite oovers can store large
volumes of ground htater and' thus, can be very resistant to drought con-ditions.

It was pointed out before that ground water movemenL through theconsolidated Piedrnont bedrock is dependent upon the exlstence of fractures
and Joint networks withi.n the bedrock. This is generally true for theTriassic rocks also. A large volume of ground rf,ater can pass through afault zone and its interconnecting fractures with very llitl-e resist.ancefrom the intergrariular friction and Van derWaalrs forces which would bepresent in unconsolidated sediments. Ground hrater storage in the pled-
mont bedrock is limited to the volume of slace withln the interconnectedfractures and joints. These features can be of linited or vast, extent.Their extent in any given area is usually unpredictable and; therefore,the ground water supply is unpredictabl-e. Glnerally these zones are thelast to dry up during droughts slnce the saprol-tte above supplies their
water

Coastal plain

The near-surface aquifers in the Coastal Plain tend to rechargerapidly as precipitation falls. However, due to their thin, locallzed
extent (srnal-l storage) and isolated (cLay beLow) nature, they are suscept-
able to drought conditions. During droughts, ground water qlality can
become poorer due to ion concentration increases in the decreasi-ng volumeof water.

The artesian aqulfers, both upper and princl-pal, receive lateral
reeharge from the hrestern outerops of the formations themselves and vert-
lca1 recharge from the highly porous (1arge storage), low permeability
(low yield) clays of the upper, conflning units. Lateral recharge is
rapid once the ground water has entered the highly-permeable artesian
aquifer. Vertlcal recharge is very slow, but the large areal exLent of
the artesian aquifers enables vast amounts of ground water to recharge
vertically.

Artesian Aquifer Recharge (patuxent Formation)

The procedure used to determine the reeharge of an artesian aquifer
is complicated and many factors musb be considered. A generalized expla-
nation of this procedure for the Patuxent Formation (prineipal artesian
aquifer) in Henrico County will be developed below. The accuracy of these
computations is dependent upon the accuraey of the data used. Since only
gross estimates were used for most parameters, it is probable that the
accuracy of these computations will increase ae the data is refined in the
future.



Infiltration of precipitation is considered to be the dominant source
of ground water recharge. Total- recharge into an artesian aquj.fer can be
separated into its lateral and vertical components. Figure 27 sbows the
zones of lateral and vertical recharge in an artesian aquifer cross seetion.

Lateral- recharge is supplied through the outcrop area of the forua-
tion. On the 1963 Geologie Map of Virginia the Patuxent outcroP covers
approximately 32.25 square kilometers (347 nll-lion square feet). Ratnfall
in Henrico County averages 1.12 meters (3.68 feet) per year. It ls
estlmated that 80% of the preeipitation goes to runoff, vegetation and
evaporation while the remalnLng 2O% recharges the ground water supply.
Twenty percent of a quantity of water 1.12 meters (3.68 feet) deep encom-
passing 32.25 square kilometers (347 mill-ion square feet) is equivalent
to 7.23 billlon li.ters (1.9 billion gal1-ons) of water infiltrating the
outerop each year. At the outcrop mueh of this infiLtratdd water is
water,table (unconfined aquLfer) water; however, a great Portion of this
water is avallable then to enter the confined portion of the aquifer
(vertical recharge zone) by lateral recharge. The outcrop-recharge water
is migrating constantly down dip into the confined portion of the aquifer
to the east. This nigration (l-ateral recharge) and its rate are restricted
by the volume of water al-ready in the confined aquifer, the frlction and
physieal forces associated with water movement through ihtergranular
spaces and the physical characteristics of the aquifer, such as thinning'
which terdto retard water movement. Theoretically, however, a ma*imum of
7.23 bil-l-ion l-iters (1.9 billion gallons) per year ls available for
lateral recharge.

The vertical recharge zone encompasses the entire surface area of
the aquLfer which is overlain by other unl-ts. The extent of the surface
for the Patuxenc FormatLon in Henrico County and Richmond north of the
James River is approximately 373 square kilometers (144 square niles).
Using the method above to calCulate precipitation and percentage of
infiltratlon, 83* billion liters (22+ bfLLlon ga1-1ons) of water infil--
trate into the vertical recharge zone. Because the test,ed hydrauli.e
conduetivity values for the confining unlts above the Patuxent formatlon
are 1ow, it is probable that no more than L7" of the water avdil-able for
deep infi.ltration aetually enters the Patuxent aquifer by vertieal
recharge each year. Thus, the total maximum recharge to the Patuxent
would be about 8.06 billion liters (2.13 billion gallons) annrtally. The

actual recharge is probably somewhat less due to bJ-o.ckage by water already
in the aquifer.

Artesian Aquifer Storage (Patuxent Formation)

In order to estimate the total storage capaeity of the Patuxent
Formation, it was necessary to interpret thickness data contained in
Brownrs report (L972). A vol-ume of 22.7 btllion cubic neters (803
billion cubic feet) was calcul-ated from hhis data. It is estl"mated
that 352 of the formatlon volune is pore space capabj-e of containing
waler. Thus, the total estimated ground w.ater atorage of the Patuxent

61



Forrnation in Henrico County is 7.96 trillion llters (2.1 trillion gallons)
of water. Since onl-y 6% of this total volume is believed recoverable,
total ground water available from the Patuxent Ls 476.91 hundredrblllion
liters (126 hundred billion gallons).

If the perpetual preservation of the aquifer is sought, withdrawals
of ground water should not exceed the available reeharge. Up to a point,
increases in lrithdrawal will cause a proportional increase i-n recharge
by reducing the blocking effecc of water already in the aquifer. However,
the physlcal forces, such as friction, r^rhich aet upon water moving through
the aquifer will establish a maximum rate at which recharge water c&n move
rhrough the aquifer. When water is withdrawn from the aquifer at a rate
higher than the rnaximum recharge rate, depletion of the aquifer will
result

Conclusions

Ground lrater supplies in the Peidrnont are generally sufficient for
domestic and low dernand purposes; however, Large sustained yields are
difficult to obtain.

!trhile the water in the Patuxent Formation can undoubtedly be exploited
further, it must be done in a manner which takes into aceount the amount
of water available for recharge and the needs of those counti-es to the
east which also tap this aquifer.

ZONE OF
LATERAL
RECHARGE

I TNTAKE zoNE oF IvER?rcaL #l
RECHARGE I

'N SATURATED ZONE

Ftg.27. A Schematic Showing a Subsurface Cross-Section of the
Patuxent Formation and Zones of Lateral and Vertical
Recharge.

SOURCE: STATE WATER CONTROL BOARD - PRO
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CHAPTER VII

GROUND WATER DEVELOPMENT

General

Further development of the ground water resouree in Henrico County
is limited by ground water availability, well- eonstruction and operation
costs, and the amount of water use. The avdilability of ground water
has been discussed in the hydrogeology section of thi-s report. The cost
of well construction varies with well depth, geology, and location. The
intended use of the ground water will dictate the yield and quality of
water desired from the we1l.

Well Construction

Many wells in the Piednont section of the county, as well as ln the
Coast.al Plain section, are shallow, bored wells which tap water supplles
less than 100 feet deep. These wells are commonLy 24 to 36 lnehes in
diameter and are lined with concrete casing. When properly constructed
they provide an adequate supply of water for most domestlc and l-ow demand
purposes. Bored wells are generally less expensive than drilled wells
and take less time to construct. This nakes them an attractive option
to many homeowners; however, there are disadvantages. Shallow wel-ls are
often a subject of concern from a health standpoint. Many of these well-s
become contaminated due to poor lgcation, lack of grouting, separation
in the well casing and failure of the well cap. Shallow wells are
particularly vulnerable to contamination from failing septic systems.
Contamination of one well can spread to other wells tapping the same
shallow aquifer. Some counti-es have adopted regulations to ensure that
shalloq bored wells are properly constructed.

Deep wells in the Piedmont are usually six inches in diameter although
four and eight inch diameter wells are not uncomrnon. These wells attempt
to tap ground water stored in the fractures of the bedrock below the
saprolite. Steel casing is put in the well bore from the ground surfaee
lnto the top of the bedrock to seal off the saprolite zone and prevent
the sides of the hole from caving-in. The portion of the drilled hole
that extends into bedrock will normally stay open. However, if a partic-
ularly extensive fracture zone i"s encountered before water is reached,
some caving-in may occur. In this instance, the casing may be extended to
seal off the portion of rock where the collapse is occurring.

Deep wells in the Coastal Plain are similar but differ in that
the well must have side-wall support throughout its depch and screens
must be placed alongside the water zones to keep sand out of the well and
pump. Gravel is often placed around the outside of the screens to prevent
fine particles in the aquifer from contacting the screens and clogging
them. Both Piedmont and Coastal Plain we1ls should be grouted to prevent
surface contamination from entering the well-.
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Ground tr{ater Use

Ground water in Henrico County is used for domestlc, lndustrial,
cornmercial, agricultural, and public supply purposes.

Donestic use incl-udes both lndividual household wel-l-s and the publie
supply welIs of the rnany subdlvisions in the county. The rnajority ofwells in the State Water Control Board filee for Henrico Couity are nrells
which were drilled to supply subdivisions. There are also relatively
shallow wells bored to serve a single house. Wtrlle these bored wells do
not represent a naJority of the records in the State trIater Control Boardfiles, their vast popularity is readily apparent to anyone driving through
the county observing water wells.

rndustrial ground \,rater users include the General Baking company,Valley Plating Company and U. S. Tobacco Company.

Public use wells include those used for schools, htghway rest areas,public offices and parks. Schools are the largest users in this caregory.

Recently, rising energy costs have spurred an interest in the useof ground water source heat pumps. These devices make use of the temp-
erature differences between ground r^rater and prevailing atmospheric
temPeratu':e in order to heat or cool buildlngs. Widespread use of such
systems may plaee a serious demand on the ground \dater supply of the
county' as well aF create a serlous potential for ground water contamlna-
tion. The State Water Control Board is presently formulating regulations
to provide for the effective use and management of these systems.

Future Development

The Henrlco County Department of Public Utilities estimates that
4.805million liters ( 1.3 rnillion gallons) of ground warer is pumped
each day for use in publlc water supply systems ornmed by the county.
Addltional water is purchased fromthe City of Richmond. Public use of
ground hrater is expected to double within the next five to ten years.

In addition to the increased demand on ground water resources caused
by rnore extensive use of ground water source heat pumps, an i-ncrease in
demand on ground water use for normal domestic purposes may be expected.
Health Department officials report that new subdivisions where city water
is not available are relying on individual shallow we1ls for each l-ot.
The 1975 county land use map shows large areas of the eastern and western
portions of the county set asi-de for low density resldenti.al development,.
As the use plan allows 0 to 4 units per acre, individual shallow wells
are expected to remaj-n the most prevalent souree of dornestic water for
these areas.
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APPENDIX I

The Groundwater Act of L973 was passed by the Virginta Legislature
to ensure the proper nunagement and protection of virginiats ground
water resources. In order to accomplish this, provisiorg have been madein the la'nr to obtain certain information from ground water users. This
inforrnation is gathered through the use of the Water l,Iell Conpletion
Report, Ground water Pumpage and use Report, and the Application and
Report, Abandonment of !,Iater l,Iell .



lrlater I'1e11 Conrpletlon Report - Forn G!il-2

The Water We1-l Compl-etion Report provides an aecurate, pennanent'
record of a water well. Included on the form ts information concern-
ing the location and constructlon of the well, the geologic features
encountered, the yleld, and the loeation of water zones. These forms
are utilized by geologlsts with the State Water Control Board, the
VirglnLa Divlsion of Mineral- Resources, the U.S. Geological Survey and
various publ-l-c and private groups and indlviduals. The data ls used
to make geologlc rnaps, county ground water reports' ground \tater
availabllity studie$ and as an aid in well- siting. Addltionall-y' the
reports are invaluable ln the lnvestigation of ground rrat.er and rf,ater
well pollution problerns. As lt ls of ten inrpossibl-e to obtain thl-s
information years after a weLl- has been drill-ed, it is in the best
lnterests of the well owner to insist that the well contractor provide
the State Water Control Board with a properly conpleted l,Iater tlell
Completion Report.
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Atarandfi., Va.22312
t03-t50-9r I r

Oist!rcG to car$l pollulanl s.cc
Oi3larc! to rttct pr@crly linc It., BuildirE

14. w^t€R sERvtcE P|PE: ctr.ci.d und.r- D.t.i, lo.--
hinufar. Pitr t;r. 

- 

in.har, Iolariol
lat lolla.
Oofa

I carrafy thal lha intdmation eonraincd hacrn r! t.ue and cor&t snd thor this wlll
and/or 3y$cm has baan installsd and soitr$tld in ecordaffi wilh thr'raui.lm€ntt
ld wll @mtrEti6 a apccifird In cornpharcG wrth +p.op.i!te county or Ind@G.rdrnt
arlv ordimBB sd lh! la$ ard ru16 of thc Cmmnrealrh ol vrrgrnta.

lS€lll. OatG

{Wall d.illrr o. iltho.r:cd gcrsnl
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Applieation and Report, Abandonment of water wej-l - Form GW-5

The GW-5 is filed with the State Water Control Board when a wat,erwell is to be abandoned. This provides a record that the wel_l is no
longer in service so that it will no longer be included in calculationsof ground water wi.thdrawal rates. The form is also a certiflcationthat the well has been properly abandoned. Quite often a well whichis no longer in use ls used for the disposal of trash or left open to
contamination by vandalism. Unl-ess an abandoned well i"s properly sea1ed
by the owner it is a direct avenue through which polJ.utants nay enter
an aquifer and contaminate surrounding weLls.



F0Rt'r
t/71

ct.J-5
tooo

COMMONI^'EALTH OF VI RGIN IA
STATE I.'ATER CONTROL BOARD

P. 0. Box lll43, 2lll North Hami lton Street
Ri chmond, Vi rgi ni a 23230

Phone (8ol) 770-l4ll

APPLI CATION AI'ID REPORT

AETNDTFfrEffiOT WniTFTE.lI.
(For use in all groundwater areas)

(card 28)

r. APPLTcAL!-g!.

O}JNE R:
r -20

ADDRESS:

WELL LOCATl ON:

Oarner herewi th appl ies to abandon (check wh i ch) temporari ly ( )6lor
permanently (

l. Application

2. Certi fi cate

lf (l) and (2)
s tatemen t :

MAX I MUM DAI LY

)ohis water well identified by:

and Permi t to Construct a Water l,lel I number -6G_,
of Groundwater Righg numbe, _r=T.

above are not app I i cab le, complete the fol I owi ng

WITHDRAV'AL OF GROUNDWATER IS GALLONS.

-7T7-
(card 29)

USE TO I./HICH GROUNDWATER WAS

TOTAL DEPTH OF WELL:

APPLIED:

FEET.
t-4

EXACT DATE ON WHICH ABANDONMENT WILL BE DONE:
5-lo

NOTE: l. Appl icant shal I furnish a sketch of water wel I and indicate
proposed procedures and materials to be used in abandonment.

2. Abandonment shal I conform with ll lF, r'standards for Water
Wel ls", pub I i shed by the Board

APPLI CATI ON APPROVED BY:

DATE:

- lt-40



Ground lJater Pumpage and Use Report - Form GW-6

Any person using an industrial or public supply water well
must provide the State Water Control Board with a GtI-6 for each
quarter of the year. The reports are due on or before the fifth
day of January, April, July and October for the preceding three
months use. This infonnation is used in conjunction with the
GI{-2 to monitor ground water withdrawals from different aquifers.
In drought years it is particularly lmportant that these reports
are accurately compl-eted and submltted so that erltical water
shortages rnay be anticipated and possibly avoided.
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llSE Fonn |,-2 (3-80)
SI{CB Form GU-6 (3-80)

llater Source:

COMMONWEALTH OF VIRGINIA
GROUND WATER PUMPAGE AND T'TiE REFORT

Stete llepartmcnt of Heelrh end Stetc Weler C.ontrot Boerd
Public. leng copy of report to Regional state taater control Board office and

legtonal State Heilth Departnent 0fficeIndustrial. send copy of report to Regional state lJater control Board 0fficeUther. Send copy of report to Regional St te t{ater Control Board office

Year

llonth
Quarter1234

(Circle One)

County/Ci ty
tlel I (s )

Spring(s)

Itell(s) and Spring(s)

Name of ldatenvorks l{ame of Ooerator
Posi tion/Ti tl e-

Owner Signature
Address Population Served (Publicl

Phone l{o. of Connections (Public)

Type of Use: puulicl- tndustria'l 0ther (specify
Operation Pennit llul$er (Public)

lf measurements are for a single-meter field reading, list wells included in field

Date

Sl'lCB No.

SIJCB No,

SIICB No.

l4eter readings are in

Owner l{o.
Onner No.

0rner No.

SUCB tlo.
SI{CB No.

SI{CB No.

Owner No.

0nner l{o.
0wner t{o.

(gallons, 1000's of ga11ons. cubic feet, etc.)
llote: If system l5 utaetered, estinate pumpage

in boxes in lorer right-hand corner.

* Read meter sane time each day (preferably end of day)i*If taken, read at end of non-punping period***If taken, read at end of heavy-purnping period***If taken in one rell in a field, specify rhich rell
+ All.privately or publically-oned public rater rupptyffi-Irth Health Deplrtnent pemlts.

Total Gallons
lhrlng ilonth

Total op€ratlng
Days this [onth

Dally Average
During llonth
74

Total Gallons
lhring quarter

Total operatlng
Ihys this Quarter

.raily Average
During Quarter

SICB No. Owner No.

Date l.leter Reading* Gallons
Used

l{ater Level****
Static** Pumol non

I

2

3

4

5

6

7

I
9

t0

1l

12

t3

'14

I5

water Level****



APPENDIX II

Ground lJater Quality Standards and Crlteria



Gror:nd Water Quallty Standards and Criteria

Anendnent to t{ater Quality Standards
Virglnla State l{ater Control Board

Effectlve: August L, L977

Pursuant to Sectlon 62.L-44.15(3) of the State l{ater Control Law (Chapter
3.1 of Tltle 62,L, Code of VlrginLa, 1950, as amended)

5.00 Ground l{ater CrlterLa and Standards

Ground water quallty standards will apply statewLde, and will apply
to alL ground water occurring at and belols the uppernost seasonal
Ilnlts of the watef table. In order to prevent the entry of pol-
lutants lnto grormd water oceurrlng Ln any aqu!-fer, a soll zone
or alternate Protectlve meaaure or devlce suffieLent to preserve
and protect Present and antlcipated uses of grorurd water shall be
maintained at all tlmes. Zones for mixlng lrastes with ground
water may be allowed upon request, sha11 be determined on a case-
by-case basls, and shall be kept ae small as posslble.

It ls recognized that natural ground lrater quality varl.es state-
w'ide. Four physiographlc provinces have been determined for
appll.catlon of standards, namely the Coastal Plain, Piedrnont and
Blue Rldge, Valley and Ridge, and Cumberland Plateau. (See
Plate 28)

If the concentratlon of any constl.tuent Ln ground, nater ls less
than the linit set forth by ground nater standards, the natural
quallty for that constituent shall be malntained; natural quallty
shalL aLso be maLntained for all constituents, Lncluding tempera-
ture, not aet forth Ln any ground water standards. If the
concentratLon of any constltuent, Ln ground wat.er exceeds the
standard for that constltuent, no addltlon of that constituent
to the naturally occurring eoncentratLon shall be made. Varl.ance
to thls pollcy will not be made unless lt has been affirnatively
demonstrated that a change ls JustLfiable to provide necessary
economic or social developrnent, that the necessary degree of
waste treatment cannot be economlcally or socLally Justified,
and that the present and antlcipated uses of such water w111 be
preserrred and protected.



TABLE VI

cRoltND TTATER QUALTTY STATIDARDS
(See Fig. 28)

StatewLde Standards

Constituent Concentration

Arsenic
Barlun. ...1.0 ,i/rCadmium. ..0.4 "ettChromir-rn. .0.05 r!/fCopper. ...1.0 rni/t
Cyanide. ..5.0 ug/f
Foanlng Agents as Methylene Blue

Active Substances.... ..0,05 ng/L
Lead. .....0.05 ng/l
Mercury.
Petrol-eumllydrocarbons.. ......1.0 mi/fPhenols ...0.001 rng/lsel-eniun. .o.ot,i/r
Silver. ...0.00
zinc. .....0.05 mg/l
Chlorinated Hydrocarbon Insecticides

Aldrin/Dieldrin.
Chlordane ....0.01 ug/t
DDT.. ...0.001 ug/l
Endrin. ...... .o.o04ug/1
lleptach1or.... . ...0.001 ug/l
Ileptachlor Epoxide
Kepone. .0.00
Lindane. .....0.01 ug/l
Methoxychlor.. ....0.03 vgll
Mirex. ..0.00
Toxaphene ....0.00

Chl-orophenoxy Herbicides
2,4-D. . .0.1_ mgll
2r4,5-Tp. . .. .0.0t_ mg/l

Radloactivity
Gross Beta. .. .. looo.o pclL
Raditrn 226.. .. . ...3.0 pcl]-
Strontium90... ..lo.o pc/l

Coastal

-P-b,ie-
0.025
5.0
0.025
5. 5-9 .0

0.025
5.0
0.025
5.5 -8. 5

0.025
5.0
0. d25
6.0-9.0

Cunberland
Plateau

0.025 rng/1
0.5 mg/1
0.025 ng/l
5.0-8.5

Concentration in the

Piedmont & Valley &

prue._Bl{e RtdeeConstituent

Ammonia Nitrogen
Nitrate Nitrogen
Nitrlte Nitrogen
pH
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TABLE VIII

MAJOR CIIEI'{ICAL CONSTITUENTS

Constltueot

Celclu

Cblortde

Fluorlde

Berdness
(ae CaCO3)

Irm

llagneslun

Menganeae

Nl trate

PH

Potasslu!

Sodlu

Sollds
(Total Dlssolved)

Speclflc
Conductlvl ty

Sulfate

llarlll[ Recoucnded
Conceatratlon (rl/l)'

200

**250 (Aegthettcs)

*r1.8 (llealth)

(F6O soft
61-120 Hod. Sard

121-180 llard
161+ Very llard

r*0.3 (Aesthetlc6)

150

.*0.05 (Aestherlcr)

**10 ag N (Heslth)

**6.5-8.5 (Aesthetlcr)

1000-2000

r00

**500 (A€Ethetlca)

1000

fi250 (aegthetlcs)

IN GROUND I{ATER

R€o.rks

Scldou a hcalth concern; !!y b€ a dlsadvantrge ln raahlntr, laundry,
bathlng; encrugtatlooB on utanslls

Tastc ls a trajot crltcrloni g.ncrally not hsnful unlear ln very hlth
coocentratlons, but lat b. lajurloua to auffcrcra of hegrt and tldney
dlse.aes, sea sater 1r L9,000 ng/l

Preacnce of ebout f .0 r8/f uy be mre beo.flclel than (letrhenlal;
concmtrationa lesa than 0.9 to 1.0 !g/l siu aeldoo caurie mttled
cnauel ln chLldren's teeth; ertreoe doees (2.5 to 4 greoi) Day cau.e
death

llay be €xtreoely polaonoua ln hlgh con.entratlona; nay c.ruae dlgease
in lnfsnts ("blue baby"); lrrltatee bladder and ta.trola:egtlnal
tract, lay cauge dlarthea

Uard ratera have had no dmnetrable hamful affecta uporl the hcelth
of consuoers; ujor detrtnental effect 1s econmlc--veluea above
100 ug/l becone lncreaslngly lnconvenienli yastea soap arrd cauaes
uten811 encrustatl.on

Es8€ntlal tc nutrttlon and not detrlDentel to h€elth unl,rss tn con-
centratlooa of several Ellllgrarai oaln probleno arc bad ta3te,
stahlnS and dlscoloratlon of laundry and porcelala fk!'lreg

llot a healtt hazard becsuae teate becouea ertrcoely unpl.:asant bef,ore
torlc concentratlooa raach€d; nay have lanti.ve effrct o-r neu uaers

EgEentiEl to nutrltlon but oey be toric ln hlgh concettr.rtlonai taste
becoles proble[ before to:lc conceatratlons rcechcd; und,:alrable be-
cauae lt cauaea bad ta6te, deposits on cooked food, ltatns and dia-
colors laundry and pluoblng ftxtures

Indlcetea rhether aolutloo slll act as an acld or basci '.rater acquires
"sourt' taste belor 4; hlgh values favor corroglon contro!; efftcl€ncy
of chlorlnatloo severely reduced rhen pll above 7

l{ay act ae a laxatlve 1n erceaslve quantltleg

May be harltul to sufferer3 of cardlac, circulatory, or Rldnelr dlasge;
concentratlons as loy ag 200 og/1 nay be lnjurloug

Notstrealth hazard above 500 og/1, but By lDpart dl.sagreeable taste,
corrode plpra; general lndlcalor of the amunt of [lnera[s ln weter

An lndlcatot of the aoount of dlssolved goLlds ln sater; hlgh conceo-
trationa car, cauSe corroalon of lron ed steel

Above 250 n11/l Dy act as laratlv€ on nee users; oay lnpart foul taste
and odor

tReco@ended concentratlon8 based on current lLtcreture; pll reasured ln un1t9, Conductlvlty tn ulcrouhos

trActual ltelts ettabllshed by the Vlrglnla Depart[ent of llea,.th; parenthesee O tndtcate basis for ltnit

source: l{odtfted sfter ilcKee and tlolf {1963), llco (1970),.vlr81n1a D€parrsrnt of ltealth (1977)
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APPENDIX III

Planning Guide for Water Use



TABLE IX

PI.AI{NING GUIDE FOR WATER USE

rypes of Establlshments Gallons per day

Airports (per passerrger) .. e. .......................... ...3-5
Apartnents, nultiple fanlly (per resldent)..... ..... ......60
Bath houses (per bather).. ..... .......10
Camps:

Construction, semipermaneot (per worker)........ ..... ...50
Day wlth no meals senred (per canper)................. .......15
Luxury (per camper).. ....o.......... ..........100-150
Resorts, day and nlght, wlth lLmtted plunblng (per caryer)........50
Tourist wlth central bath and tol.let facllltLes (per person)......35

Cottages with seasonal occupancy (per resldent)..... ......50
Courts, tourist wtth indtvldual bath units (per person) ...50
Clubs:

Country (per resident menber).. ..... ........100
Country (per nonresldent member present) ..... ......2s

Dwellfugs:
Boardl.nghousea (per boarder)...... ............... .......50

Additlonal kltchen requlrennents for nonresLdent boarders........10
Luxury (per person)....... .........................100-150
Multtple-fmlly apartments (per resident) ..........40
Rooming houses (per resident) .......... .......60
Slngle fantly (per residenr) 50-75

Estates (per resident) ..... .100-150
Factories (gallons per person per shlft). .. ....... 15-35
Highway rest area (per person)............ ..... .......5
Hotel-s with private baths (2 persons per room) ............60
Hotels wlthout prlvate baths (per person).. ..... .....50
Institutlons other than hospl.tals (per person). . .75-L25

Hospitals (per bed) .. r............ ..250-400
Laundries, self-serviced (gallons per washlnB, i.e., per custoner)..50
Llvestock (per aninal) :

cattle (drinktng)... . .. ... ... .. .....L2
Dalry (drlnking and servictng)..... .......o........35
Goat (drlnklng). .. . . .. .. ... ... .... ........2
Hog (drinking). .......o.. o...........4
Horse (drinklng).... ................................... ......L2
Mule (drinking) ...........,.............................12
Sheep (drlrrklng)............ r.................. o............ ......,2
Steer (drtnking).. .. .. ... . o. .. ..... r.. ...... .... .. ......12

Motel-s wlth bath, tollet, and kltchen facLlitles (per bed space)....50
I'ltth bed and tolleg (per bed space). .. . . .. . .. ... . .. ... . o.. . .. ... ..40

Parks:
Overnlght wlth flush toLlets (per canper).. . .. ........ .......25
Trailers wlth tndividual bath units, no selrer connection

(per trailer)..r... ..........,...........o............ ...25
Tral.lers wtth tndivLdual baths, connected to sewer (per person)...50



Plcnlc;
$lth bathhousea, ehmers, and flueh tor.reta (per ptcnicker).......20I{lth totlet facllltles only (gallona per plcnicter)e r..,..:::..,..10Poultry:
ChLckgns (pgr 100)....,.. r........ f... r o. o...... r,... ?. r r. r.,...5-10Turkeys (pgr 100)............. o.. o. o................. o. ?.... q..I0-1gRestauranta wlth tollet facllltles (per patron).,...r......t......,7-1.0
Iflthout tollet fa-ctlltteo (pcr patieo),..a..........e...... .,...?)773wlth bars and cocltelr Lormge (addlttonal quentlty per persoo).....2

Schools:
Boardlng (per puptl). . . . . . . . . . . . . . . . . . . . . . . . . . | . . ., i, . . . . . . . . . 75*l0O
Day wlth cafeterla, gynnaer.rroe, and ahovers (per prrprx).::::::....a5
Day wlth cafeterla but no g5rmnaslrrnc or ehoweis (iel pupil). . . . . . . AODay wtthout eafeteria, gynnaol'ms, or ghowere (p"l pdfi).:.. :.., ,15Sgnrlcg statlong (pgr vghlelg). oe...... o.........,....... r,..... r,..10Storgs (per tollet roon)-r........... o '.... o..... r...., rr..........4(X)Swlmlng pools (pgr swLmer)............, e..... r...... i........,. r...L0Theaters:
Drl'vg-ln (per car ll*ee). r.. r....... r. o............. r r,.., r..... r..5
Movlg (Per audf,torlrrn seat). t....... r o. r.... r., r,.... a. o r...r......5I{orkers:
constructlon (per person per shift). . . . . o,. . . r r e . . . . . . .. . . . .. .. . . .50
Day (school or offtcrt pcr lcrton par shlft)...........r..........15

Source: U.S. Envl.ronnental protectloa Ageney (L974)

83





APPENDIX IV

Sunnary of l,Iater WeLl Data for Henrico County
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APPENDIX V

surrnary of Ground water Qual-ity Analyses for Henrico county
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ALLUVIT]M:

AQUICLUDE:

AQUIFER:

AQUITARD:

ARTESIAN AQUIFER:

ARTESIAN I{ELL:

BACK SWAMP DEPOSITS:

BASE EXCTIANGE:

BATHOLITII:

BEDDING PLANE:

GLOSSARY OF TERMS

A general term for sediments deposlted during
recent geologic time by a stream or other bodyof water

A geologic formation, group of formatlons, orpart of a forrnation, which is not perneable
enough to transmit ground waterr

A geologic formation, group of formations, orpart of a formation capable of supplylng waterto wells and springs in usabLe quantities. Anaquifer is unconfined (water table) or confined
-(artesi.an) depending on whether the ground waterlevel is at atmospheric pressure or.greater
than atmospheric pressure due to the presence
of an overlyi.ng, confining geologic formation(aquiclude or aquitard)

A formation that partially restriets ground r^rater
flow, but will not yiel-d water to a weL1.

A conflned aquifer in whlch ground rdater risesin a well above the point at which it is foundin the aquifer.

A well in which the water rises under artesian
pressure above the top of the aquifer the well
penetrates, but does not neeessarily reach the
land surface.

Thin layers of silt and clay deposited in the
flood basin behind the natural levees of a riveror distributary.

The reversible replacement of certain ions by
others, without loss of crystal structure.

A stock-shaped or shield-shaped intrusive mass
of igneous rock.

The division plane in sedimentary or stratified
rocks which separates the individual layers,
beds, or strata.

A general term for the rock which lies below
the soil or other unconsolidated sediments.

BEDROCK:
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BIOTITE:

BLOCK FATILTING:

CAI.CITE:

CAPILLARY FRINGE:

CATACLASTIC TEXTURE:

CEMENT:

CHANNEL DEPOSITS:

CLASTIC ROCK:

CLAY:

COLIFORM:

CONE OF DEPRESSION:

A general-ly black, dark brown, or dark green
rock forming mineral of the mica group:
K(Mg, I'e+z)3 (A1, p"+31si3016(0n1,

A type of norrnal faulting in which the earthrs
crust is divided into structural_ (fault)
blocks of different elevations and orienta-
tions.

A common, usually whi.te, rock forming mineral
consisting of calcium carbonate (CaCO3).

The zone of partial or eomplete saturation
dlrectly above the water table in which water
is held in the pore spaces by capill-arity.

A texture in a dynanically metamorphosed rock
produced by severe mechanical crushlng and
differential- movement of the component gralns
and characterized by granular, fragmentary,
deformed, or strained mineral crystals flattened
ln a directlon at right angles to the mechanical
stress.

Chemically precipltated mineral- materlal that
occurs in spaces among the individual grains
of a consolldated sedimentary rock, thereby
bindlng the grains together as a rigid, coherent
mags.

An alluvlal deposit in a stream channel, espec-
ially, one in an abandoned cutoff channel or
where the transporting capdcity of the stream
is insufficient to remove material supplied
to it.

A consolidated sediment.ary rock composed of
broken fragments that are derived from pre-
existing rocksr €.9. sandstone, eonglomerate,
or shale, etc.

A rock or mineral fragment or a detrital part-
icle of any composition often a. crystalline
fragment of a cl-ay mineral, srnaller than silt
having a diameter of less t}l.ar. L/256 *:

Designating, of, or Like the aerobic bacillus
norrnally found in the colon.

A depression in the potentiometrlc surface of
a body of ground water that has the shape of an
inverted cone and develops around a well from
whl"ch water is being withdrawn. It defines
the area of infl-uence of a we1L.
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CONFINING BED:

CONFIMD WATER:

CONGLOMERATE:-

CONSOLIDATED:

CONTINENTAL RISE:

CONTINENTAL SHELF:

CONTOUR (Topographic) :

CROSS.SECTION:

CRYSTALLINE ROCK:

DARCY:

A bed which overlies or underlies an aqulfer
and which, because of low permeability relatlve
to the aquifer, prevents or impedes upward or
downward loss of r^rater and pressure. An aqui-
tard or aquielude. (See aqulfer)

Water under artesian pressure. lfater that is
not confined is said to be under water table
conditions.

A sedimentary rock, a signl-ficant fraction of
which is composed of rotrnded pebbles and
boulders; the lithified equivaLent of a gravel.

A rock that is firm and rigld ln nature due to
the natural interlocking and/or cementation of
its mineral grain conponents. The reverse is
unconsolidated.

Submarine surface beyond base of continental
slope, generally with gradient less than 1 to
1000, occurring at depths from about 1373 to
5185 rn and leading down to abyssal plalns.

Gently sloping shal1owly submerged rnarginal
zone of the contlnents extendlng from the
shore to an abrupt increase in bottom
inclination; greatest average depth l-ess than
183 meters, slope generally less than 1 to
1000.

An imaginary line or surface along which a
certaln quantity, otherwise varlable, has the
same val-ue, e.g. an elevatlon line, structure
contour.

A diagram or drawing that shows features trans-
sected by a given planq e.g. geologic features
such as geologic struct.ure.

Roek consisting of minerals in an obvi-ous
crystalline (having regular nolecul-ar structure)
state.

A standard unit of permeability, equivalent to
the passage of one cubic centimeter of fluid
of one centipoise viscosity flowing in one
second under a pressure differential of one
atmosphere through a porous medium having an
area of cross-seetion of one square centlmeter
and a length of one centimeter.
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DELTA:

DIABASE DIKE:

DIAGENETIC:

DIP:

DISTRIBUTARY:

DMIODOWN:

EROSIONAI T]NCONFORMITY :

ESTAURINE DEPOSITS:

EUTECTONIC:

EVAPOTMNSPIMTION:

FAI]LT:

The low, general-ly triangular shaped, nearly
flat, alluvial tract of land deposited at or
near the mouth of a river.

A tabular lgneous intrusion made of l-abradorite
and pyroxene that cuts across the planar struc-
tures of the surrounding rock.

Pertaining to that process involving physical
and chemi.cal changes in sediment aft,er deposition
that converts i.t to consolidated rock.

The maxtmum angle at which a rock bed is
incLined from the horizontal.

An i-rregular, di.vergent stream flowing away from
the rnain stream and not, returning to it, as in
a delta or on an al-l-uvial pLain.

Vertlcal distance between the statle rrater
level and the pumpi.ng rilater level of a well .

An r:nconformlty rnade rnarLifest by erosion, or a
surface that separates older rocks that have
been subjected to erosion from younger sediments
that cover them.

A sedimentary deposlt laid down in the seaward
end or the widened funnel-shaped tidal mouth of
a river va1-Ley where freshwater rnixes with and
measurably dilutes searilater and where tidal
effects are evident.

Gradual structural movements in the earthrs crust
noted by broad upl-ifting or subsidence in a region.

The combined discharge of water to the air by
direet evaporation and plant transpiration.

A fracture or fraeture zone along which there
has been movement of two rock masses relative
to one another parallel to the fracture. The
movement may be a few lnches or many miLes.

The strip of relativel-y-smooth land adjacent
to a river channel and built of al-luvir:m carried
by the river during floods. The flood pLain is
covered by r{rater when the river is in flood.
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FLWIAL:

FOLIATION:

FORMTION:

GEOITYDROLOGY:

GLAUCONITE:

GNEISS:

GPD:

GMBEN:

GMVEL:

GROTTND WA,TER:

HORNBLENDE:

I{YDMI]LIC CONDUCTIVITY:

Of or pertaining to a rlver or rivers.

A general term for a planar arrangement of
textural or structural features in any type
of rock.

The fundamental rock-stratigraphlc unit for
local classification of rocks. A mappable body
if roek rylth a cerrain degree of lithologlc
homogeneity.
Referring to the hydrologic or flow character-
istics of subsurface waters in relationship togeology. (syn: ground water hydrology)

A dul1 green, amorphous, and earthy or granplar
rnineral of the mlca group: (K, Na)(A1, FerJ, Mg)Z
(A1, Si)4019(oH)2.

A foliated rock formed by regional metamorphisrn
in whieh bands or lenticles of granular minerals
alternate with bands and lenticLes in which
mi"nerals having flaky or elongate prismatic
habits predominate.

Gallons per day.

A block of the earthrs crust, bounded by faults
on its long sides, which has dropped relative
to surrounding roeks.

An r:nconsolidated, natural accumulation of
rounded rock fragments with a dlameter greater
than 2 nmr.

tr{ater beneath land surface in the zone of satura-
tion and below the water table.

The cornnonest mineral of the anphibole group:
ca2Na(Mg, re+2)4(A1, Fe*3, Ti) (A1, si)e.

The permeability coefficient; the rate of flow
of water ln gallons per day through a cross
section of one square foot under a unit hydrau*
l1c gradl-ent, at the prevailing temerature or
adjusted for a temperature of 60"F.

In an aquifer, t.he rate of change of pressure
head per unit of distance of flow at a given
point i-n a given direction.

HYDMI]LIC GMDIENT:
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IIYDROGEOLOGY:

ITYDROLOGY:

IIYDROSTATIC HEAD:

INFILTMTION:

IGNEOUS ROCKS:

IMPERMEABLE:

INTERSTICES:

INTRUSIVE:

ION:

LEVEE DEPOSITS:

MARL:

I"IA,GMATIC:

METAMORPHIC ROCKS:

The science that deals with subsurface lraters
and reLated geoJ-oglc aspects of surface waters.

The seience that studies the waters of the
earth.

The height of a vertical col-r:mn of water, the
weight of whlch, lf of unit crosa section, is
equal to the hydrostatic pressure at a point:
statie head as appLled to water.

The flow or novement of rrater into the sub-
surface soil and rocks.

Rocks formed by the cooling and erystallization
of rnoLten or partly molten rnaterial .

Having a texture which does not allow perceptible
movement of water through rock.

The openlngs or spaces between fragments and
grains in a soil or roek. In an aquifer they
are fil-led wlth water.

Refers to igneous rocks whlch have penetrated
i.nto or between older rocks whiLe molten but
have sol-idified before reachlng the surface.

An eleetrieally charged atom or group of atoms.
A cation has a positlve charge, an anion a
negative charge.

A st.ream deposited enbankment along a river or
rfatercourse.

A general term for unconsolidated deposits
compo$ed of clay and calcium carbonate.

Pert.aining to naturai-ly occurring molten rock
material, generated r^tithin the earth and capable
of i.ntrusion and extrusion, from which igneous
rocks are thought to have been derived through
solidification and related processes.

Any rock derlved from pre-existing rocks by
mineralogical, chemical, and struetural changes'
essentiall-y in the solid state' in response to
rrqarked changes in temperature' pressure' shearing
stregs, and chemical enviornment at depth within
the earthrs crust.
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METAVOLCANICS:

MUSCOVITE:

NONFLOWING ARTESIAN
I^IELL:

NORMAL FAI]LT:

OROGENIC:

PARAMETER:

PEGUATITE DIKE:

PERCOLATION:

PERMEABILITY:

POINT BAR DEPOSITS:

POROSITY:

POTENTIOMETRIC SURFACE:

PROGMDATIOML DELTA:

REC}IARGE:

REGRESSIVE:

Metamorphosed volcanic rocks.

A mineral of the mica group: Ml2(A1, Si3)
019(oH)2.

An artesian well in which the head is not
sufficient to raise water to the land surface
at the welL site.

A fault in which the hanging wall appears to
have moved dor^mward relative to the footwall.

Pertaining to the process of formatlon of
mountains.

Any measurable characteristic of a sample or
population.

A tabular igneous intrusion made up of excep-
tionally coarse grained material with inter-
locking crystals.

Movement of r^rater through the interstlces of
rocks or soils except movement through large
openings sueh as solution channels.

The abllity of a rock to t,ransmit water per
unit of cross-seetion.

Series of 1ow, arcuate ridges of sand and gravel
developed on the inside of a growing meander by
the slow additlon of individual accretions
accompanyi.ng migration of the channel toward
the outer bank.

The ratio of the volume of the openings in a
rock to the total volume of the rock.

An inaginary surface representing the static
head of ground water and defined by the level
to which rdater will rise in a well.

A delta built forward or outnard toward the sea
by river deposition.

The addition of water to an aquifer by natural
lnfiltration or artificial means.

Sald of deposits laid down during the retreat
or contraction of the sea from land areas.
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ROCK:

RUNOFF:

SAND:

SAPROLTTE:

SCHIST:

SEDIMENT:

SEDN,IEMARY ROCKS:

SIIT:

SPECIFIC CAPACITY:

STATIC WATER LEVEL:

STRUCTURE:

TECTONISM:

TERRACE DEPOSITS:

t

Any ndtur*ll-y forned, eonsolldated, or uncon-
solidated materLal (but not soil) composed of
two or mre mineral$, or occaslonally of. one
mlneral, and havlng some degree of chentcal
and ml.neralogtc conscancy.

Ttrat part of irrecipitation that appears fur
surface streaql.

A rock fragne'nt;ranglng I'n dLaneter fron I"/16
to 2 mn.

tuft, clay-rtch rock fotneil by weatheti'qg and
deconpoeitf.on of lgneou€ atrd metamrphtc rocks.
ltuch of the rellc attucture of the ortgi.nal
roclc nay scill be preseat; howeverr the
oinetaLs comprieing the rock have baerr altered.

A strongly foliated crlystalline rock forned by
dynanic tetarmrphlsm.

Solid, fragmental., weethered tock rnatetlal
borne and deposited by water, air or ice.

Usually-stratified formatlons conslst,ing of
products of oeathering by actlon of water'
w!nd, ice, etc. (i.e., sand, sandstoae, clayt
shale, etc. )

A rock fragment or detrital particle ranging
in diameter from L1256 to 1/16 nn.

The rate of diecharge of a water welL per unit
of drawdottn cotmnly expressed in gallons per
minute per foot

That water level- of a well that is not being
affected by withdrawal of ground wat€t.

The general dlspositlon, attltude, attangementt
or relative posltions of the roek nasses of a

region or area' also referred to as t'gtructural
geology".

CrustaL inatability.

Deposits of aLluvium (elay, siLt, sand, gravel,
or cobbles) which occur along the margin and
above the Level of a body of water, marklng a
former water Level.
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TERRIGENOUS:

TOPOGRAPTIY:

TRANSGRESSIVE:

TRANSPIBATION:

TRANSMISSIVITY:

IJNCONFINED AQUIFER:

UNCONSOLIDATED:

VAN DER WAALSI FORCES:

VOLCANISM or WLCANISM:

!'IATER WELL:

WATER TABLE:

Land derlved.

The relief and form of a land surfaee.

Deposits laid doron during the advance or
extension of the sea over land areas.

The process by which water absorbed by plants,
usually through the roots, ls evaporated into
the atmosphere from the plant surface.

In an aquifer, the rate at which water of the
prevaili-ng kinernatic viscosity is transmitted
through a unlt width under a unit hydraulic
gradient.

An aquifer having a \^rater table; an aqulfer
containing unconfined ground water.

A sediment that is loosely arranged or unstrat-
ified, or whose partieles are not cemented
together.

Weak attractive forces between electrically
neutral atoms and molecules.

Volcanlc power or activity, including all natural
processes resulti-ng ln the formation of volcanoes,
volcanic'rocks, lava flows, etc.

A man-made excavatLon that allows the extraction
of water from the zone of saturation or that
yields useful supplies of water. The wel-l rnay
be drilled, dug, excavated, or jetted.

The surface between the zone of saturation and
the zone of aeration; that surface of a body of
unconfined ground water at which the pressure
is equal to that of the atmosphere.
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